Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


V 


. . ; .  £RTY  OF  THE 

PC   JC LIBRARY OFTHE 


rHE  FRANCIS  A  COUNTO'AY  LfflRARY  OF  MEDICDa 
Hakvaxs  Medical  UBHASr-BosTON  mseicai.  Lbjuit 


i 


A 


\ 


>'. 


THE 


JOUKNAL 


OP 


ANATOMY  AND  PHYSIOLOGY 

NORMAL  AND   PATHOLOGICAL, 


HUMAN   AND    COMPARATIVE. 


».'.   ';:/\NCISA.  CC'.'^  AVAY 

Ltot ;. '\. \  i'  Or  I  ..iLi.vJli^ll 
BOSTON.  MA 

NuV  ^,3  2003 


THE 


JOURNAL 


OP 


ANATOMY    AND    PHYSIOLOGY 

NORMAL  AND  PATHOLOGICAL, 

HUMAN   AND   COMPARATIVE 

CONDUCTED  BY 
SIR  WILLIAM  TURNER,  M.B.,  LL.D.,  D.C.L.,  D.Sc,  F.R.S.,    "^  '/  .  ^  »^<i 

PBOnSSOR  OF  AMATOMT  IH  THE  UNIYXRSITT  OF  EDINBURGH  ;  •        ^     \ 

D.  J.  CUNNINGHAM,  M.D.,  D.Sc,  LL.D.,  D.C.L,  F.R.S.,         V  \ 

PBOFSSSOB  OF  ANATOMY  AND  OHIRUBGXRT  IN  THE  UNFV'EBSITT  OF  DUBLIN  : 


G.  S.  HUNTINGTON,  A.M.,  M.D.,  , 

PBOFE8S0B  OF  ANATOMY,  COLUMBIAN  UNIVERSTTT,  WASHINGTON  ; 

A.  MACALISTER,  M.D.,  LLD.,  D.Sc.,  F.R.S.,  F.S.A., 

PKOFESSOB  OF  ANATOMY  IN  THE  UNIYERSITY  OF  CAMBRIDGE  ; 

AND 

J.  G.  M'KENDRICK,  M.D.,  LL.D.,  F.R.S., 

PROFESSOR  OF  THE  INSTITUTES  OF  MEDICINE  IN  THE  UNIVERSITT  OF  GLASGOW. 


VOL.  XXXIV. 

NEW    SERIES.— VOLUME    XIV. 

WITH  LVII.   PLATES    AND    NUMEROUS    ILLUSTRATIONS  IN  TEXT. 


LONDON: 

CHARLES.TtRIFFIN  .AND    COMPANY,  La 

EXETER, STRE..GT,  ST.UAND. 

1900 

U 


PBINTID  BT 

NULL  AND  OOMPANT  LIMITBD 

BDINBUBOU 


•  •  •      r    -    9 
•         •  •     • 


•  •      •  • 

•  •     •••  • 

«      ■  • 

•  •  • 


I  ■ 


•  ••    • 

•••  • 


•  •• 


,•• 


•  •    •  •,.     ,;  •  • 

•         •        •  •      •  •    m» 

,•     •••  •       • 


r.m 


CONTENTS. 


FIRST  PART-OCTOBER  1899. 

FAOE 

I%B  Palprbral  and  OomLOMOTOR  Apparatus  in  Fishes  :  Obsbbyatioxs 
OK  MoBPHOLOOT  AND  Dbyblopmibnt.  Bj  N.  Bishop  Harman,  B.A., 
M.B.  (CJantab.),  F.R.C.S.  (Eog.).    (Plates  I.-VI.) 1 

The  Joints  of  Mammals  compared  with  those  op  Man:  A  Course 
OP  Lectures  deliverei»  at  the  Royal  College  of  Surgeons  of 
England.     By  F.  G.  Parsons,  F.R.O.S. 41 

A 5  Kxpkkimental  Contribution  to  the  Study  of  the  Mechanism 
of  Bile  Secretion.  By  William  Bain,  M.D.  (Durh.),  M.R.C.P. 
(Lond.) 69 

Nots  on  a  Group  of  Varieties  of  the  Pectoral  Sheet  of  Muscle. 
By  Thomas  H.  Brycb,  M.A.,M.B.,  F.R.S.E. - 76 

Ok  the  Presence  of  Adrenal  Structures  in  the  Inguinal  Canal. 

By  C.  B.  LocKWOOD,  F.E.C.S. 79 

Some  Experiments  on  Bone,  with  Methods  of  demonstrating  the 
Canaliculi.    By  Walter  Colquhoun,  M.A.,  M.B.,  CM. 84 

Thb  Cartilages  of  the  Monotreme  Larynx.    By  Johnson  Symington, 

M.D.    (Plates  VIL-IX.) 90 

A  Comparison  of  the  Pelvic  Viscera  and  the  Pelyic  Floor  in  Two 
Adult  Male  Subjects.    By  Johnson  Symington,  M.D 101 

ANxw  OsTEOMXTRic  BoARD.    By  David  Hepburn,  M.D Ill 

On   THE   MSDULLATED    FIBRES    OF  SOME  OF    THB  CrANIAL  NeRVBS,    AND 

THB  Development  of  Cbrtain  Muscles  of  the  Hbad.    By  F.  H. 
Edobworth,  M.B.  (Cantab.),  B.Sc.  (Lond.).    (Plates  X.-XXIL) 118 

Kotb  on  thb  Staining  of  Sections  whilb  imbedded  in  Paraffin. 
By  Sydney  Smith 161 


VI  CONTENTS. 

PAaB 
SECOND  PART— JANUARY  1900. 

The  Stomach  and  Pyloeus.  By  Richard  J.  A.  Bbrrt,  M.D.,  F.R.S. 
(Edin.);  and  John  Crawford,  M.B.,  CM.  (Edin.).  (Plates  XXIII.- 
XXVI.) 168 

Duplicity  of  Cervix  Uteri  in  Trichecus  and  Otaria.  By  Professor 
Cleland,  F.R.S.     (Plate  XXVII.) 169 

The  Vitality  of  thk  Ova  and  Spermatozoa  of  Certain  Animals. 
By  James  F.  Gemmill,  M.A.,  M.B :..  168 

The  Form  of  the  Empty  Bladder,  and  its  Connections  wuh  the 
Peritoneum  :  Together  with  a  Note  on  the  Form  of  the  Pros- 
tate. By  A.  Francis  Dixon,  M.B.,  Sc.D.  (Plates  XXVIII.- 
XXX.) 182 

The  Structure  and  Functions  of  Hjsmolymph  Glands.  By  W.  B. 
Drummond,  M.B.,  CM.,  M.R.CP.E.     (Plates  XXXI.-XXXIII.) 198 

Note  on  the  Presence  of  Ciliated  Cells  in  the  Human  Adult 
Kidney.     By  E.  Wacb  Carlier,  M.D.,  B.Sc 223 

Note  on  the  Thymus  Gland  in  the  Koala  {Phascolardus  cinereus). 
By  Johnson  Symington,  M.D.    (Plates  XXXIV.,  XXXV.) 226 

Symmetrical  Perforations  of  the  Parietal  Bones  :  Including  an 
Account  of  a  Perfokatkd  and  Distorted  Cranium  from  the 
Liverpool  Museum.  By  A.  M.  Paterson,  M.D.  ;  and  F.  T.  Love- 
grove,  M.R.C.S.(Eiig.).     (Plates  XXX VL -XXXIX.) 228 

Causes  of  the  Entrance  of  Oxygen  into  the  Blood  in  the  Lungs. 

Uy  J.  J.  L»H ARLBS,  fi&.U*,  F.A.S. E Zoo 

The  Topography  of  the  Facial  Nerve  in  its  Relation  to  Mastoid 
Operations.    ByRoBERT  Dwyee  Joyce,  F.R.C.S.I.,  M.R.C.S.(Eng.).  248 

Craniombtric  Observations  in  the  Post-Mortem  Room.  By  David 
Watbrston,  M.B.,  F.R.C.S.E 256 

Ninth  Report  of  the  Committee  of  Collective  Investigation  of  the 
Anatomical  Society  of  Great  Britain  and  Ireland,  for  the  Year 
1898-99.     By  F.  G.  Parsons 260 

An  Australian  Skull  with  Three  Supernumerary  Upper  Molar 
Teeth.    By  Sir  William  Turner,  F.R.S 273 

Arohaologia  Anatomioa 276 

Notices  of  New  Books 288 

Pbooeedinos  of  thb  Anatomical  Society  of  Great  Britain  and 
Ireland 287  ( 


CONTXNTS.  YU 


TRIED  PART— APRIL  1900. 

PAGE 

Separate  Acromion  PRocxas.    By  Johnson  Stminoton,  M.D 287 


A  Contribution  to  the  Anatoitt  of  the  Dioestiyx  Tract  in  Salmo 
Salar.     By  J.  Kingston  Barton.  M.R.C.P.    (Plates  XL.-XLIIL)-..  295 

tn  J<»iNTs  OF  Mammals  compared  with  those  of  Han.     Part  II. 
By  F.  G.  Parsons,  F.R.O.S 301 

i  Modification  of  the  Hrlmholtz  Theory  of  Hearing.    By  Albert 
A.  Gray.  M.D ,  F.R.S.E 824 

The  Causbs  of  the  Shape  of  Non-Nucleated  Red  Blood  Ck)EPUscLE8. 

By  W.  Myers,  M.A.,  M.B.,  B.Sc 851 

Thi  Anterior  Limit  of  the  Ceryigo-Thoracic  Visceral  Efferent 
Neeyes  in  Man.  By  N.  Bishop  Harman,  B.A.,  M.B.  (Cantab. )» 
F.K.C.S.  (Eng.).     (Plates  XLIV.-XUX.) 859 

The  Minute  Structure  of  the  Medullary  Sheath  of  Nerye-Fibres. 
By  William  H.  Wynn,  B.Sc  (Lond.).    (Plates  L.,  LI.) 381 

Unusual  Arr.vngement  of  the  Renal   Portal  Vein  in  the  Frog. 

By  Thomas  W.  Shore,  M.D.,  B.Sc 398 

Nf»TES  on  the  Dissection  of  Two  Club  Feet.     By  R.  Tait  M'Keszie, 

B.A.,  M.D 408 

Tenth  Report  on  Recent  Teratolooical  Literature.     By  Bertram 

C.  A.  Windlb,  D.Sc.,  M.D.,  M.A.,  F.R.S 410 

A  Pericardial  Sac  in  which  the  Large  Azygos  Vein  pierced  the 
Sac  before  opening  into  the  Superior  Vena  Cava.  By  C.  M. 
Cooper,  M.B.,  M.R.C.S 420 

?E0CESDINGS    OF     THE    ANATOMICAL     SOCIETY    OF    GrSAT    BRITAIN    AND 

Ireland) 427  (i-xxyiii) 


•  •« 


VUl  CONTENTb. 

PAOB 

FOURTH  PART-'JULY  1900. 

TOFOOKAPBIOAL  AHATOXT  OF  THX  ABDOMINAL  VlflCXBA  IK  MaV,   BBPECI- 

ALLY  THE  6a8TB0-Intiestinal  Cakal.     By  Professor  Christophrr 
Addison,  M.D.,  B.S.  (Lond.),  F.E.C.S.    (Plates  LIL-LIV.). 427 

Description  of  a  Specimen  in  which  there  is  a  Rudimentary  First 
Rib  along  with  Thirteen  Pairs  of  Ribs  and  Twentt-fiye  Pre- 
sacral Vertebra    By  Alexander  Low,  M.B 461 

Endophlebitik.    By  Arthur  Y.  Meigs.    (Plate  LV.) 458 

Origin  of  Vertebrates,  deduced  from  the  Study  of  Ammoccetrs. 
(Parts  V.-VIII.)  By  Walter  H.  Gaskell,  M.D.,  LI1.D.,  P.R.S. 
(Plates  LVL,  LVII.) 465 

Proceedinos  of  the  Anatomical  Society  of  Great  Britain  and 
Ireland 589  (xxix-xlviii) 


Journal  oi  ^natomp  anti  ^fi^uilojsp* 


i^-ii- 


THE  PALPEBEAL  AND  OCULOMOTOR  APPARATUS  IN 
FISHES:  Observations  on  Morphology  and  Develop- 
ment. By  N.  Bishop  Harman,  B.A.,  M.B.  (Cantab.), 
F.RCS.  (Eng.),  St  John's  College;  Dem^mstrator  of 
Anatomy,  Cambridge  University}     (Plates  I.-VI.) 

contents. 

PAGE 
JSTBODCCnOlf,  ..........      1 

'ClASsii'TSD  List  op  Fishib,  ........     2 

-L  Paij>bbral  Apparatus,         ........     5 

1.  No  provLsion,      .          .          .    -      .           ,          .          .  .  .6 

2.  Palpebral  margins  and  conjunctival  fomices,          .          .  .6 

3.  Extra  palpebral  folds — 'pseudo-membrana  nictitans,'      .  .  .7 

4.  The  nictitating  raembrane  of  Selachians,     .          .          .  .  .9 

5.  The  deodopmeni  of  the  menibraiu,     •          .          .          .  .  .11 

6.  ITie  decel<^9inent  qf  the  mitacuIcUure  of  the  membrane^       .  .  .15 

7.  The  nerve-supply  of  the  musculature  of  the  membrane,  .  .20 

8.  The  outer  corneal  layer,          .          .          .          .          .  .  .21 

II.  The  Rblations  of  Orbital  Waixs  to  thb  Bulb,      .         .  .23 

1.  The  orbital  sac 23 

2.  The  recessus  orbitalis,  .  .  .  .  .  .  .  .23 

3.  The  capsule  of  Tenon,  .  .  .  .  .  .25 

4.  The  '  cartilago  sustentaculum  oculi,'  and  its  development^  .  .    25 

5.  The 'ligamentum  tenaculum  oculi,*  .  .  .  .28 

III.  Thb  Oculomotor  Musclbs,  ........   29 

1.  The  general  scheme,      •••.....    29 

2.  Variations  for  projection  and  retraction,      .  .  .  .  .31 

3.  The  modiJUationa  inpleuronectid^^shes,  and  the  special  rotatory  dipy  •   38 

List  of  Rbfbbknces,  .........   36 

Dbscbiftton  of,  and  Indbz  to  Plates,  .  .38 


This  research  was  originally  undertaken  with  the  object  of 
examining  the  motor  apparatus  of  fishes'  eyes,  with  especial 

^  Bead  at  the  Meeting  of  the  Anatomical  Society  of  Great  Britain  and  Ireland, 
Jaly  1899,  and  at  the  British  Association,  Dover,  1899. 

VOL,  XXXIV.  (n.S.  vol.  XIV.)  A 


#  * » 


>v;yl*>iift  c&bk'ila  'larger  spotted  Dog-tish;. 

H.  t'Jii'^.'iy  {Ltkret  hlfOlVtd  ]>og  £sh;. 

Af'juniUviH  rtjljzam  ^^piny  Dog-fi^L). 

Khiria  iwjuatiria  (Angel-  or  Monk-fi^h). 

'IV/fjiij'IinwJff*. 

Torj^cdo  narce  (Torpedo  Kay). 

liaja  bails  ((Jommon  Skate), 
liaja  hlanda  ( lilond  Kay). 
Ifohff'i'fihala. 
ijUxmBunihii. 

Chima'ra  motistroBJi. 

( .'allorliyncliuH  antarcticus.' 

ainmdmiitn. 

A<5ip<uiHoridu». 

A.  Hturio  (( 'ommon  Sturgeon). 
Pulyittfrtthhi, 
I'olypterida*. 

Polyptorua  b'chir.* 

'  Not  dissecteil* 


JoUT.  ofAnaL  m>d  Fhyaioloffy,  October  1890.) 


Jour,  of  Anai.  and  Physiology,  October  1899.'\ 


[Platb  II. 


A 


Stale  .'- 

*/»oo^  m.jn 


Fig.  7a. 


Fig.  76. 


Fig.  8a. 


Fig.  Sh. 


Fig.  8c 


"•.'•■••.  - 

Fig.  9a. 


Fig.  9ft. 


-  -  -  "in.fnd. 


Fig.  7c 


2.1.  B  H.,  dW. 


JouT.  ofAnai.  and  Physiology ^  October  1899.] 


[Platk  III. 


m.p. 


p.r.g. 


fllmb. 


Fig.  10. 


771.771.9. 


m,9,s. 


-.  77ia;.c. 


ph. J 


77Uf.C« 


¥ig.  11. 


X.  O,    Ha,   Qflt 


Jmir.  e/Anat.  and  Fhgtiology,  Oetaber  1S99.] 


Jmu.  ofAaat.  and  PkftioUgg,  OebUr  1S99.^ 


Joitr.  of  AwU.  and  Phyiiclogs,  October  1S99.] 


.  y.ir. 

■SJI. 


PALPKBRAL  AND  OCULOMOTOR   APPAEATCS  OF   FISH£&       .t 


TSLEOSTBI. 
II. 
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A.  pleuronedoidei, 
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I.  Palpebral  Apparatus. 
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Within  the  range  of  fishes  included  in  the  ahove  list  there  can 
be  found  every  form  of  provision  for  the  setting  and  protection 
of  the  outer  surface  of  the  bulb,  from  the  most  simple  and  least 
developed  to  a  complex  and  highly  developed  mechanism.  Such 
a  series  might  naturally  be  expected  to  be  concurrent  with  an 
evolution  from  the  simpler  to  the  more  complex  type  of  fish,  but 
8iich  a  parallelism  in  development  cannot  be  held  to  be  a  real 
one,  since  in  most  cases  the  complex  forms  of  palpebrse  are 
found  in  fishes  classed  within  orders  nearest  the  main  line  of 
ph^lc^eny,  whilst  the  simpler  forms  may  be  found  in  the 
more  speciahsed  types.  This  would  appear  to  indicate  that  the 
variation  of  these  accessory  organs  depends  peculiarly  upon  the 
conditions  of  life  of  any  particular  family,  which  suggestion  is 
confirmed  by  the  variations  of  form  found  in  closely  allied 
species. 

1.  Palpebral  Provision — None. 

There  are  some,  but  not  many,  species  in  which  these  negative 
conditions  are  found.  The  actual  arrangement  of  the  transition 
from  the  skin  surrounding  the  orbit  to  the  outer  corneal  layer  is 
of  two  kinds.  One  in  which  the  passage  is  by  an  uninterrupted 
and  even  layer  of  skin  which  is  directly  continuous  with  the 
transparent  outer  corneal  layer.  This  arrangement  necessarily 
restricts  the  movements  of  the  eyeball  within  the  narrowest 
limits.  It  is  found  weU  exftmphfied  in  the  common  and  Conger 
Eels,  also  the  Lamprey  and  Globe-fish ;  in  the  Conger  its  in- 
fluence upon  the  bulbar  muscles  is  marked.  It  is  also  found  in 
a  less  degree  in  the  commoner  Bays. 

A  second  form  is  that  in  which  the  skin  passes  from  the 
orbital  margin  to  the  outer  corneal  layer  by  a  loose  and  flexiblo 
collar  of  skin,  which  allows  of  free  bulbar  motion  in  all  the 
combinations  of  rotation  and  rectilinear  motions,  and  also  in 
some  cases  of  projection  and  retraction.  This  arrangement  can 
best  be  seen  in  the  Pleuronectes,  where  the  projection  of  the 
bulb  allowed  by  this  arrangement  gives  the  eyes  of  these  fishes 
an  appearance  not  unlike  a  miniature  conning-tower.  A  similar 
condition  less  well  marked  is  found  in  the  Angler. 
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2.  Palpebrai  Margins  aiid  Conjunctival  Fomices  defined. 

This  form  is  the  one  found  in  the  majority  of  the  teleostean 
fishes.  The  skin  passes  from  the  circular  orbital  margin  towards 
the  centre  of  the  cornea,  and  after  extending  thereto  in  a  greater 
or  lesser  degree,  recurves  deeply,  forming  a  palpebral  margin. 
The  depression  formed  by  the  continuance  of  the  thin  inner  or 
conjunctival  layer  on  to  the  bulb  to  blend  with  the  outer 
corneal  layer,  constitutes  the  conjunctival  fornix.  This  arrange- 
ment, other  things  being  equal,  allows  of  great  freedom  of 
rotation  and  rectilinear  movements,  according  to  the  depth  of 
the  conjunctival  fornices.  The  depth  to  which  the  folds  extend 
may  differ  in  the  lower  and  upper  parts,  but  since  the  angles  of 
the  eye  are  rarely  defined,  the  passage  from  superior  to  inferior 
fornices  is  uninterrupted. 

The  circular  palpebral  margin  is  in  life  upon  a  level  with,  or 
makes  a  gentle  slope  towards,  the  flat  corneal  surface,  so  pro- 
viding for  the  least  resistance  to  water  friction  during  pro- 
gression. 

Such  palpebral  margins,  however,  afford  but  little  protection 
to  the  eye  since  the  greater  part  of  the  cornea  remains  exposed, 
but  in  some  species,  e.g.  Sturgeon,  the  margin  is  sufficiently  wide 
and  of  dense  tissue,  with  calcified  epidermis,  that  it  makes  an 
eflBcient  protection  to  the  sclero-corneal  junction. 

Of  the  condition  in  which  the  margin  and  fornices  are  small 
and  shallow,  the  Torpedo  (inferior  fornix  only),  Chimaera,  Perch 
and  Perch-pike,  Gurnard,  Grey  Mullet,  Stickleback,  Cod,  Had- 
dock, Hake,  Carp,  lioach  and  Eudd,  and  the  little  Pipe-fish,  may 
be  taken  as  examples  ;  and  for  the  broader  margins  and  deeper 
form  of  fornices  the  Sharks,  Sturgeon,  Bass,  Eed  Mullet,  Bream 
(sea  and  fresh).  Mackerels,  Tunny-fish,  Whiting,  Ling,  Tench, 
Pike,  Salmon,  and  the  Herring.  These  examples  do  not  allow 
of  any  classification  into  families  or  according  to  the  habitat  of 
the  fish  as  do  other  structural  variations,  for  differences  are 
found  between  closely  allied  members  of  the  same  family,  e.g. 
amongst  the  Cods.  Thus  in  Cod,  Haddock,  and  Hake  the  margins 
are  narrow  and  the  fornices  shallow,  whilst  in  Whiting  and  ling 
the  margins  are  fairly  broad  and  the  fornices  deep. 
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3.  Extra  Palpebral  Folds — "  Pseudo-Membrance  Niditantcsy 

(Figs.  1  and  2.) 

In  the  salmon  the  palpebral  margin  is  of  irregular  shape.  In 
a  condition  of  repose  the  larger  and  posterior  part  of  the  margin 
coincides  with  the  corresponding  two-thirds  of  the  corneal  mar- 
gin. From  here  the  upper  and  lower  margins  continue  anteriorly 
in  gradually  converging  lines  to  meet  in  a  curve  representing  a 
segment  of  a  smaller  circle  than  that  of  the  corneal  margin. 
The  space  between  this  anterior  margin  and  the  anterior  corneal 
margin,  representing  a  breadth  of  about  one-third  the  corneal 
diameter,  is  filled  by  a  triangular  block  of  muco-areolar  tissue ' 
of  semi-cartilaginous  consistency  (tig.  1).  Its  thin  posterior 
edge  is  transparent  and  coincident  with  the  corneal  margin, 
except  at  its  upper  horn,  where  it  recedes  to  its  upper  attach- 
ment.  The  anterior  and  thicker  part  is  less  transparent,  and 
contains  a  few  scattered  pigment  spots.  The  triangular  block  is 
attached  to  the  anterior  palpebral  fold  by  the  edges  of  its  super- 
^cial  surface  by  means  of  a  thin  conjunctival  membrane  which 
produces  a  conjunctival  recess ;  a  like  attachment  from  its  deep 
surface  to  the  bulb  produces  a  second  and  deeper  conjunctival 
lecess. 

The  angles  of  the  cartilaginous  block  are  affixed  to  the 
neighbouring  bones  by  three  ligaments,  the  anterior  and 
strongest  ligament  to  the  lacrymal  bone,  the  superior  to  the 
jsnpraethmoid,  and  the  inferior  to  one  of  the  suborbital  ossicles  ; 
the  anterior  edges  of  the  block  overhang  a  pair  of  diverticula  of 
the  nasal  pouch.  Dissection  of  this  extra  fold  in  Argentina  sUus 
and  the  Trout  shows  a  similar  construction. 

In  the  common  Herring  there  exists  an  extra  fold  similar  to 
that  of  the  Salmon  tribe,  but  more  complete  in  its  formation 
^fig.  2).  In  this  fish  the  corneal  surface  is  exposed  only  in  a 
narrow  vertical  palpebral  fissure  formed  by  the  help  of  three 
folds,  two  anterior  and  one  posterior.  Of  the  anterior  and 
jMBterior  each  forms  a  broad  thin  transparent  fold,  which  is 
directly  and  smoothly  continuous  from  the  surrounding  skin  to 
its  thin  free  edge,  where,  recurving  sharply,  it  makes  jbl  deep 
conJTmctival  fornix,  and  within  the  anterior  fold  the  extra  fold 

*  This  coDstitntioD  was  shown  by  microscopic  examination. 
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is  found.  At  the  dorsal  extremity  of  the  palpebral  fissure  is  a 
union  of  all  three  folds,  anterior,  'extra/  and  posterior;  the 
ventral  extremity,  however,  is  not  so  formed,  for  the  posterior 
fold  makes  a  sharp  curve  convex  anteriorly,  which  is  overlapped 
by  a  similar  convexity  existing  on  the  lower  horn  of  the  *  extra  '' 
fold.  The  separation  of  anterior  and  *  extra '  folds  extends  for 
fully  two-thirds  of  the  extent  of  the  latter,  and  results  in  the 
formation  of  a  well  defined  extra  conjimctival  recess.  The  two 
folds  blend  for  their  lower  third. 

The  measurements  of  the  depths  of  the  fomices  in  a  mediuDO^ 
sized  fish  were : — 

Posterior  fornix,  ...       10  mm. 

Superficial  anterior  fornix,  .         .         5  mm. 
Deep  anterior  fornix,  ...        4  mm. 

The  same  blind  diverticula  from  the  nasal  pouch  exist  beneath 
the  anterior  edges  of  the  extra  fold  of  the  Herring,  as  in  the 
Salmon. 

The  Maifisch  presents  a  modification  of  this  structure  owing 
to  the  greater  fusion  of  the  two  anterior  folds,  so  that  the  sulcus 
separating  them  is  small,  and  occupies  a  position  in  the  anterior- 
superior  region  of  the  eye.  There  is  also  a  rather  narrower  pal- 
pebral fissure  than  in  the  common  Herring. 

In  the  common  Mackerel  there  is  a  narrow  vertical  palpebral 
fissure,  but  the  anterior  folds  are  here  completely  united,  a 
shallow  groove  only  indicating  a  double  arrangement,  as  in  the 
Herring,  whilst  in  the  Horse  Mackerel  the  whole  anterior  mar- 
gin is  so  reduced  as  to  be  almost  unrecognisable. 

This  extra  fold  or  false  nictitating  membrane  has  been  noted 
in  the  Salmon  by  Rosenthal  (26,  p.  398),  who  says  "  there  is 
heaped  up  at  the  anterior  angle  of  the  eye  an  immobile  gelatinous 
mass,  which  forms  so  as  to  say  a  rudimentary  '  Nickhaut/  and 
which  fills  a  part  where  the  bony  wall  of  the  orbit  is  incom- 
plete " ;  and  in  a  later  paper  (27,  p.  419)  he  makes  a  similar 
suggestion  as  to  the  use  of  the  fold.  John  Hunter  (16,  p.  413) 
appears  to  have  noted  its  presence,  but  his  description  is  not  so 
certain. 

The  structure  is  shown  in  almost  all  the  species  of  Salmonidse 
delineated  in  the   beautiful  plates  of  Agassiz  and  Vogt  (2),- 
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and  its  pofiition  is  indicated  by  Giintber  (11)  in  several 
outline  drawings  of  Salmons'  beads.  No  mention  of  it  is  found 
in  Haller's  work  on  tbese  fish  (12). 

The  structure  may  probably  be  considered  as  filling  the  gap 
in  the  orbital  wall  as  suggested  by  Rosenthal.  It  will  also  ser\'e 
to  protect  the  eye  from  injury  by  its  acting  as  a  *  fender.'  The 
large  extensions  of  the  margins  of  both  *  extra '  and  posterior 
folds  in  Herrings  tends  to  support  this  view.  Whilst  in  the 
absence  of  any  means  of  regulating  the  relations  of  the  folds  to 
the  pupil,  the  tissue  forming  them  retains  a  considerable  deli> 
eacy  and  transparency  of  substance  at  the  edges.  It  is  note- 
worthy that  this  structure  is  developed  in  fishes  frequenting 
shallow  waters  and  rivers,  where  such  a  protection  would  be 
especially  advantageous. 

4.  The  Niditaiing  Membranes  of  Selachians. 

My  dissections  of  British  fish  possessing  this  membrane  were 
completed  at  Plymouth  in  Easter  1898,  after  which  date  I  com- 
menced to  work  at  its  development.  In  June  of  that  year 
Dr  Ridewood  (25)  read  before  the  Anatomical  Society  a  paper 
dealing  with  the  same  subject  from  his  observations  on  dissec- 
tions of  adtilt  fish.  As  this  paper  has  covered  the  ground  for 
the  adult  morphology,  and  the  descriptions  of  the  myology  are 
excellent  in  their  accuracy  and  lucidity,  I  can  add  nothing  to 
Ae  anatomy  of  the  musculature. 

B^rding  Kidewood's  suggestion  of  the  possibility  of  the 
existence  of  a  nictitating  apparatus  in  the  horizontal  duplicature 
of  skin  below  the  eye  of  Scyllium,  Wiedersheim  shares  this 
view,  for  he  has  included  S,  canicula  with  other  fish  already 
rec(^sed  as  possessing  the  membrane  (35,  p.  431).  Eegarding 
Ae  movements  of  the  eyelids  of  this  fish,  it  may  be  pertinent  to 
record  my  observations.  I  had  had  doubts  as  to  the  free 
mobility  of  t*he  lids  by  the  muscles  attached  thereto,  by  reason 
of  the  toughness  of  its  skin,  but  these  doubts  were  dissipated  by 
8ome  observations  made  on  the  fish  within  one  of  the  tanks  of 
the  Brighton  Aquarium.  I  saw  a  specimen  of  the  Larger 
Spotted  Dog-fish  slowly  gliding  towards  me,  and  when  within  a 
few  inches  of  the  glass  'front  of  the  tank,  and  of  my  eyes,  the^ 
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-creature  gave  a  most  unmistakable  wink,  by  which  the  whole 
eye  seemed  to  be  covered  by  the  lids.  The  succeeding  day  I 
was  able  to  make  a  longer  observation  on  a  specimen  of  the 
Smaller  Spotted  Dog-fish  ;  the  fish  wai3  lying  motionless  on  the 
gravelled  floor  of  the  tank  and  in  contact  with  the  glass  front ; 
a  crab  approached  and  walked  over  the  dog-fish's  head;  the 
only  sign  of  a  sensitiveness  on  the  part  of  the  fish  to  this  act  of 
aggression  was  the  complete  closure  of  its  eye. 

In  this  action  the  greatest  part  was  played  by  the  nictitating 
membrane,  i,e.,  the  upper  of  the  two  folds  constituting  the  whole 
lower  eyelid  (fig.  6).  Assistance  came  from  the  straighten- 
ing, depression,  and  slight  eversion  of  the  upper  lid  so  as  to 
completely  fit  over  the  nictitating  membrane.  The  elevation  of 
the  membrane  was  so  complete  that  the  deep  sulcus  normally 
existing  between  the  membrane  and  the  lower  lid  was  almost 
obliterated,  and  the  lower  lid  was  itself  slightly  elevated  with 
the  extension  of  the  nictitating  membrane. 

Regarding  the  relative  values  of  the  eyelids  of  Carcharias, 
Zygaena,  Galeus,  Mustelus,  and  Scyllium,  it  appears,  from  an 
-examination  of  the  palpebral  apparatus  of  all  vertebrates,  that 
the  trend  of  progression  in  the  evolution  of  these  structures  is 
towards  a  greater  completeness  in  the  organisation  of  the  upper 
^nd  lower  lids,  and  that  the  condition  of  the  nictitating  mem- 
brane is  one  of  secondary  importance.  With  this  proposition  in 
view,  a  comparison  of  the  apparatus  in  Carcharias,  Zygaena,  and 
Oaleus,  with  that  found  in  Mustelus  and  Scyllium  (figs.  3,  4,  5, 
-and  6),  will  show  that  although  the  former  group  presents  a 
marked  specialisation  of  the  nictitating  membrane,  yet  its  true 
upper  and  lower  lids  are  feebly  developed,  since  they  inclose  a 
large  round  palpebral  fissure  which  would  leave  the  eye  exposed 
and  unprotected  were  it  not  for  the  development  of  this  highly 
.specialised  secondary  membrane.  On  the  other  hand,  in  Mus- 
telus and  Scyllium  the  palpebral  fissure  is  oval  and  the  bulb 
j-eceives  a  considerable  screen  from  upper  and  lowdr  lids  as  weU 
as  from  the  membrane,  and  both  the  true  lids  can  be  moved  in 
the  defence  of  the  eye,  so  that  the  excursion  required  of  the 
membrane  not  being  so  great,  its  specialisation  is  arrested.  It 
will  therefore  follow  that  in  these  latter  fish,  Mustelus  and 
Scyllium  j  we  have  a  nearer  coincidence  with  the  line  of  progres- 
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«ive  evolutiou  than  in  Galeus,  Carcharias,  and  Zjgseua.  To 
substantiate  this  proposition  it  is  necessary  to  show  that  the 
development  of  the  membrana  nictitans  (i.e,y  the  inner  fold  of 
the  lower  lid)  is  later  in  date  and  secondary  in  site  of  origin  to 
iiie  true  lower  lid. 

5a.  The  Development  of  the  Membrane — Prev^ious  History. 

The  earliest  suggestion  regarding  its  origin  appears  to  be  that 
given  by  Miiller  (23,  p.  121) :  he  states  that  it  is  a  duplicature 
of  the  skin  growing  from  the  inner  surface  of  the  eyelid.  On 
what  ground  this  statement  is  made  I  cannot  discover,  for  he 
does  not  add  any  reasons  for  the  opinion  given.  I  can  only 
believe  that  it  is  made  from  an  analogy  of  the  position  of  the 
membrane  in  the  shark  and  that  iu  the  bird,  for  in  his  descrip- 
tion of  the  naked-eye  appearance  of  the  fish's  membrane,  he 
ecmtrasts  it  with  the  delicate  conjunctival  structure  of  the 
biii  Subsequently  Miiller  s  statement  has  been  repeated  in 
tii€  text-books  of  Balfour  (3,  p.  416),  Wiedersheim  (35,  p.  434), 
flertwig  (13,  p.  431),  and  others ;  whilst  Minot  (22,  p.  727) 
states  that  '*  nothing  accurate  is  known  concerning  its  develop- 
ment." 

I  am  unable  to  find  any  further  hypothesis  as  to  its 
origin,  or  attempted  elucidation  of  its  development,  until  we 
come  to  that  contained  in  the  paper  by  Bidewood.  This 
zoologist  follows  an  exceedingly  interesting  and  suggestive  line 
of  argument  based  upon  the  variations  in  the  form  of  the  mem- 
brane in  the  adult  fishes  possessing  it.  He  notes  the  fact  that 
the  membranes  of  Galeus  and  Mustelus  differ  in  their  *  finish ' : 
tiie  opposing  surfaces  of  the  lower  lid  and  membrane  in  Galeus 
and  Carcharias  are  free  from  shagreen,  whilst  in  Mustelus  the 
inner  surface  of  the  lower  lid  possesses  shagreen.  From  this  he 
aignea  that  the  nictitating  membrane  is  the  old  lower  lid, 
whilst  the  present  lower  lid  is  a  new  duplicature  of  skin,  which 
by  the  specialisation  of  the  lids  in  Galeus  has  lost  its  shagreen, 
but  the  structures  in  Mustelus  being  incompletely  evolved  have 
Bot  yet  thrown  off  this  internal  armature  of  denticles. 

This  line  of  argument,  apart  from  my  observations  on 
embryos,  I  believe  to  be  open  to  criticism,  for  it  is  equally 
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permisBible  to  applj  the  facts  adduced  in  support  of  a  con* 
elusion  the  direct  revene  of  the  one  just  quoted,  namely,  that 
since  in  the  Galeus,  eta,  the  proper  lids  are  deficient  in  growth,, 
the  deficiencj  is  made  good  by  an  extra  mobility  of  the  mem- 
brane, and  consequently  the  contiguous  epiblast  of  the  lower  lid 
remains  free  from  shagreen;  whereas,  on  the  other  hand,  the 
reason  why  in  Mustelus  shagreen  is  developed  to  a  slight  extent 
upon  the  contiguous  surfaces  of  lid  and  membrane  is  that  the 
membrane  of  these  fishes  has  ceased  its  evolution  or  is  on  the 
downgrade,  the  more  extended  growth  of  the  true  lower  lid 
being  followed  by  a  limitation  of  growth  of  the  membrane,  and 
an  extension  of  calcification  of  surface  epiblast.  It  is  the 
development  of  the  Uds,  I  would  repeat,  and  not  of  the  nicti- 
tating membrane,  which  is  a  mark  of  progressive  evolution. 
This  argument  I  believe  to  be  the  true  one.  It  will  accord 
with  the  variations  in  the  musculature, — the  differentiation  of 
form  and  scope  of  function  is  wider  in  Galeus  than  Mustelus 
or  Scyllium, — and  finally  it  is  supported  by  actual  observations 
of  the  origin  of  the  membrane  in  embryos. 

With  regard  to  Acauthias,  I  am  still  in  doubt  as  to  the 
mobility  of  its  palpebral  folds ;  muscles  are  found  in  connection 
with  them ;  they  are  figured  by  Vetter  (34,  pi.  xiv.  fig.  3)  and 
Ruge  (28,  fig.  14) ;  but  although  I  watched  the  movements  of 
captive  specimens  of  this  fish  for  long  times,  I  did  not  succeed 
in  observing  any  movement  of  the  lids. 

5b,  Ths  Development  of  the  Membrane — Ohsei*V(Uions  on  Embryos. 

The  development  of  these  structures  I  have  followed  in 
Mustelus  embryos  obtained  from  the  Naples  Marine  Station. 
Four  specimens  have  been  used  of  the  lengths  of  18,  30,  38,  and 
48  mm.  Of  these,  the  first,  second,  and  third  correspond  fairly 
well  to  the  stages  '  N,'  *  P,'  and  *  Q '  of  Balfour  (4,  p.  79) ;  the 
fourth  has  advanced  beyond  the  last  of  this  series,  but  might 
correspond  to  a  stage  '  B '  were  this  series  continued.  I  shall 
accordingly  refer  to  them  under  these  letters. 

Length  of  Embryo.  Stage  and  Letter. 

18  mm.  .  *N,'  Balfour's  series. 

30  mm.  *IV  do. 

38  mm.  .  .         *  Q/  do. 

48  mm.  'R/  do.  continued. 
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In  the  first  of  tbese^ '  N/  the  bulb  has  arfived  at  that  degree  of 
development  where  the  cavity  of  the  lens  is  almost  filled  with 
the  exuberant  growth  of  its  posterior  cells,  but  is  still  apparent 
as  a  narrow  sharply-curved  slit  in  the  transverse  section.  Also, 
the  cavity  of  the  optic  cup  exists  at  its  extremities,  whilst  at 
the  posterior  pole  the  two  layers  are  nearly  in  contact.  The 
cbanael  of  the  optic  stalk  is  pervious,  so  that  the  cerebral 
Tesicles  are  in  connection  with  the  cavity  of  the  optic  cup.  No 
cartilage  has  appeared  in  the  mesoblastic  cranial  covering,  but 
occasional  patches  of  denser  tissue  indicate  the  sites  of  growth 
of  the  walla  The  ocular  muscles  are  already  developed,  but 
there  is  no  indication  of  the  formation  of  a  definite  optic 
capaole. 

In  embryo  '  P '  the  development  has  advanced  considerably. 
The  lens  cavity  is  wellnigh  closed,  that  of  the  optic  cup  is  only 
distinguishable  at  its  extreme  edge  and  in  the  immediate  neigh- 
bourhood of  the  entrance  of  the  optic  nerve.  This  structure  is 
now  recognisable  as  a  nerve,  and  the  cavity  of  the  original  stalk 
has  disappeared.  The  cranium  presents  a  growth  of  cartilage  in 
its  floor,  which  is  extending  up  the  side  walls  to  the  lateral 
edges  of  the  roof.  An  investment  of  closely?packed  cells  around 
the  retina  shows  the  formation  of  an  optic  capsule. 

Embryo  '  Q '  is  an  advance  upon  the  former  in  size,  and  in  the 
iDcrease  of  the  complexity  of  its  parts  and  the  greater  complete- 
ness of  its  cartilaginous  skeleton.  The  optic  capsules  are  well 
defined,  but  are  not  yet  cartilaginous. 

In  embryo  '£,'  a  delicate  layer  of  cartilage  has  appeared 
within  the  optic  capsule,  the  retina  shows  stratification,  and  the 
cranial  skeleton  is  well  grown. 

In  the  earliest  of  these  embryos,  'N,'  there  is  no. sign  of 
palpebral  growth,  the  bulb  is  invested  on  its  external  aspect 
by  a  uniformly  smooth  covering  of  surface  epiblast  which  takes 
a  bold  curve,  convex  outward,  due  to  the  supporting  optic  cup 
and  lens.  A  considerable  interval  exists  between  this  epiblastic 
covering  and  the  sunken  epiblaat  of  the  lens,  for  as  yet  no 
mesoblast  has  penetrated  the  space.  The  angle  made  by  the 
passage  of  the  ocular  investing  epiblast  to  the  general  investing 
epiblast  is  acute,  and  in  the  dorsal  region  it  amounts  to  a  fairly 
deep  recess,  but  the  overhanging  bulge  does  not  represent  the 
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<x)mmenciiig  palpebral  folds,  which  are  seen  in  the  succeeding: 
embryo  to  grow  from  the  bulbar  investment. 

In  embryo  *  P '  (figs.  7  a,  b  c)  the  sections  in  the  anterior 
region  of  the  eye  show  the  growth  of  the  upper  and  lower  li<i& 
as  rounded  protuberances  arising  from  the  bulbar  investment,, 
the  upper  some  distance  from,  and  the  lower  much  nearer  the- 
side  of  the  head ;  of  the  two,  the  lower  fold  is  the  stouter.     Irr 
sections  more  posterior,  the  earliest  growth  of  the  membrana 
nictitans  can  be  distinguished  as  a  small  tongue  of  dermal  tissue 
appearing  upon  the  ocular  side  of  the  lower  lid.    In  the  anterior 
sections  it  is  sessile,  but  it  becomes  more  tongue-shaped  towards 
the  posterior  region.     In  this  embryo  the  epidermis  is  unfortu- 
nately loosened  from  portions  of  the  environing  dermis  of  both 
eyels,  but  this  does  not  at  all  invalidate  the  evidence  of  the 
specimen,  as  the  dermis  is  the  determining  factor  of  the  grov^tl^ 
of  these  structures,  and  in  all  the  sections  the  definition  of  the 
cells  of  both  layers  is  quite  clear — they  are  at  the  site  of  the 
membrane,  of  extra  large  size,  both  in  dermal  and  epidermal 
layers. 

In  embryo  *Q'  (figs.  8  a,  b,  c)  the  further  growth  of  the 
membrane  is  shown.  In  the  more  anterior  sections  the  mem- 
brane has  not  appeared,  and  the  lower  lid  is  thick  and  rounded  ;, 
further  back  the  sections  show  the  membrane  as  a  thin  tongue 
of  epiblast-clad  dermis  springing  from  the  ocular  edge  of  the 
lower  lid.  More  posteriorly  the  method  of  deepening  of  the 
sulcus  between  membrane  and  lid  appears,  the  epidermis- 
penetrates  the  cleaving  dermis  as  a  double  row  of  cells  whose 
contiguous  surfaces  are  as  yet  unseparated  by  any  formation< 
of  cuticle. 

In  embryo  *  E '  (figs.  9  a,  b)  the  membrane  now  projects  from 
the  ocular  surface  of  the  lower  lid  to  a  considerable  extent,  and 
the  covered  part  is  separated  from  the  lower  lid  by  a  fissure,, 
penetrated  by  epiblast,  of  a  depth  equal  to  two-thirds  the  length 
of  the  projecting  portion  of  the  membrane. 

In  later  embryos  up  to  *  full-time  *  the  position  and  form  of 
the  membrane  has  been  observed,  and  it  is  to  be  noted  that  at 
no  date  is  there  any  tendency  to  that  union  of  the  upper  and 
lower  eyelids  which  forms  permanently  in  reptiles  and  tem- 
porarily in  mammals  (Bonders,  8,  p.  291). 
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The  condusw7i  I  wovM  draivfrom  these  observations  is,  that  the 
groujth  of  epHdast-clad  dermis  which  constitutes  the  menibraiia 
niditans  arises  from  the  ocular  surfa/^  of  a  previously  formed 
lower  lid. 

Of  the  sections  reproduced,  those  numbered  7  c,  8  c,  and  9  6, 
are  taken  through  that  part  of  the  bulb  in  which  the  posterior 
part  of  the  optic  nerve  appears,  so  that  the  sections  represent 
as  nearly  as  possible  the  same  level,  and  by  comparison  the 
rate  of  growth  can  be  observed. 

6.  7%€  Development  of  the  Musculature  of  the  Memhram. 

Although  the  musculature  of  these  structures  would  seem 
somewhat  complicated  from  the  many  names  attached  thereto, 
yet  examination  of  their  coimections  shows  that  there  is  no  one 
muscle  which  is  independent  of  another;  all  are  more  or  less 
closely  connected  or  continuous  with  the  other  muscles  of  the 
membrane  or  of  the  spiracle. 

The  latest  description,  by  Eidewood,  recognises  the  following 
mnscles  in  this  region  : — 

1.  Levatoi' pcUpebrce  nictitarUis. 

2.  Depressor  palpeirce  superioris. 

3.  Retractor  pcUpebrce  supeHoris. 

4.  Constrictor  spiraculi. 

5.  Dilator  spiraculi. 

With  this  difTerentiation  my  own  dissections  agree,  and  in 
refening  to  the  muscles  I  shall  adhere  to  this  nomenclature. 

These  five  muscles  appear  from  the  gross  anatomy  to  constitute 
two  sets  only,  a  superficial  and  a  deep. 

The  first  or  superficial  set  appears  to  comprise  the  retractor 
palpebr(e  superioris  and  the  constrictor  spiraculi,  Eidewood  sug- 
gests their  origin  may  be  from  "a  purely  dermal  system  of 
muflcles."  The  unity  of  the  levator  palpebral  nictitantis  and 
dilator  spiraculi  is  a  most  obvious  one,  and  with  these  is  closely 
associated  in  its  origin  the  depressor  palpebrce  s^iperioris.  These 
ooBStdtute  the  deep  muscle  sheet,  a  view  shared  by  Hubrecht 
(15,  p.  100),  Tiesing  (32,  p.  92),  AUis  (1,  p.  571),  and  Eidewood ; 
and,  to  quote  the  last  named,  they  "would  together  represent 
that  undifferentiated  pre-spiracular  muscle  of  Heptanchus  which 
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Vetter  has  described  as  the  constrictor  mperfidalis  dorsaiis  "  (25, 
p.  242> 

In  the  earliest  of  the  Mustelus  embryos, '  N/  sections  through 
the  middle  of  the  branchial  plate  immediately  in  front  of  the 
anterior  limb-bud  show  the  state  of  the  development  of  the 
musculature  of  the  region  (fig.  10).     The  muscle  plates  are 
represented  by  two  crescentic  masses  lying  on  each  side  lateral 
to  the  neural  canal  and  notochord,  and  extending  ventrally  by 
two  partially  separated  blocks  of  tissue  into  line  with   the 
dorsal  aorta.     Dorsally,  the  plates  of  each  side  are  separated  by 
a  considerable  interval,  and  within  the  cells  forming  the  ex- 
tremities there  yet  remains  the  cavity'  of  the  myotome.    The 
protoplasm  of  the  cells  of  the  main  masses  is  increasing  in 
quantity^  and  the  cells  show  a  radial  arrangement  from  the 
centre  to  the  periphery.     Two  small  masses   of  muscle-cells 
appear  in  the  mesoblast,  on  each  side  ventro-lateral  to   the 
heart  bulge;   these  in  the  lower  sections  can  be  traced  into 
connection  with  the  muscle  plate.     Besides  these  masses  there 
is  seen  the  muscle  of  the  branchial  bar,  which  appears  as  a 
mass  of  spindle-shaped  cells  lying  lateral  to  the  cardinal  vein, 
and  much  nearer  to  the  dermis  than  the  muscle  plate.    Passing 
ventrally,  this  mass  divides  into  two  parts,  a  larger  extending 
superficially  to  the  dorsal  inv^ination  of  the  gill  pouch  and 
into  the  branchial  bar,  and  a  smaller,  deeper  part  which  pene- 
trates between  the  dorsal  invagination  of  the  gill  pouch  and  the 
cardinal  vein.      A  comparison  of   these  and  more  posterior 
sections  shows  that  the  relation  of  the  anlage  of  these  branchial 
muscles  to  the  dermis  and  muscle  plate  differs  from  that  borne 
by  the  anlage  of  the  limb  muscles  to  these  structures.    The 
latter  can  be  traced  into  direct  connection  with  the  ventro- 
lateral extension  of  the  muscle  plate,  whilst  the  branchial 
muscle  has  a  much  closer  connection  with  the  mesoblast  of  the 
dermis  than  with  that  of  the  muscle  plate.    This  is  especially 
the  case  in  sections  through  higher  regions. 

Tracing  these  muscle  masses  upwards,  it  is  found  that  in  the 
sections  immediately  posterior  to  the  auditory  epiblast  the 
muscle  plate  is  not  seen,  but  the  branchial  muscle  anlage  can 
be  traced  until  the  region  posterior  to  the  eye  is  reached. 

In  the  second  embryo, '  P,'  the  muscle  plate  has  given  plaoo 
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to  a  donal  musculature  arranged  in  a  characteriatieally  laminated 
and  sjmmetncal  fashion.  The  branchial  muscles  have  increased 
in  %ize,  the  deeper  part  to  the  greater  extent ;  the  connection  of 
the  deep  part  with  the  branchial  cartilages  is  distinct,  whilst 
the  superficial  can  in  parts  be  traced  into  a  ventro-lateral  ex- 
tension. The  connection  of  the  conjoined  dorsal  extremity  of 
both  superficial  and  deep  portions  with  the  superficial  dermis  is 
more  pronounced.  The  dorsal  musculature  has  now  extended 
over  the  auditory  invagination  for  some  distance ;  but,  occupying 
a  position  still  anterior  to  this,  the  branchial  muscle  can  be 
traced ;  it  forms  two  parts,  a  small  superficial  mass  of  cells  lying 
beneath  the  surface  epiblast  in  close  connection  with  the  roof 
of  the  spiracle,  beyond  which  it  cannot  be  traced,  and  a  deeper 
portion  which  is  more  differentiated  as  muscle  tissue,  and  can 
be  traced,  anteriorly  to  the  spiracle,  into  connection  with  the 
maxillary  cartilage.  In  the  hinder  sections  both  these  portions 
Quite  in  tlie  dorsal  region. 

In  the  fourth  embryo, '  B,'  the  state  of  the  general  muscular 
derelopment  shows  a  considerable  advance  on  the  former.  As 
regutis  the  spiracle  region,  the  same  masses  of  muscle  described 
in  the  previous  paragraph  are  to  be  seen.  From  a  common  mass 
ntnated  dorso-lateral  to  the  spur  of  the  auditory  capsule  (fig.  11) 
they  separate  out  as  a  maxillary  mass  and  a  spiracular  mass 
<fig.  12) ;  the  former  passes  to  the  maxillary  cartilage  and  the 
latter  to  the  skin  in  the  region  of  the  spiracle.  Besides  these 
masses  there  is  a  new  and  third  mass  which  appears  first  in  the 
region  of  the  branchial  bar,  which  is  the  second  after  the 
spiracle,  as  a  thin  streak  of  cells  lying  in  the  superficial  meso- 
blast  of  the  dorso-lateral  region  (fig.  11) ;  tracing  this  forwards, 
it  is  found  to  become  shorter  and  thicker  and  more  definite,  until 
nearii^  the  spiracle  it  forms  a  sharply  defined  mass  of  cells  of 
small  size,  closely  applied  to  the  angle  formed  between  the  roof 
of  the  spiracle  and  the  skin.  A  few  sections  further  forwards 
the  other  spiracular  mass  separates  from  the  maxillary  mass  and 
blends  with  this  third  mass,  and  the  two  make  a  single  mass  of 
considerable  size  upon  the  roof  of  the  spiracle  (fig.  12).  A  part 
of  this  mass  remains  closely  applied  to  the  skin  after  the  spiracle 
has  been  passed  (fig.  13),  when  it  becomes  elongated  and  extends 
somewhat  ventrally;  later  it  separates  into  two  portions,  a 
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large  ventral  and  a  smaller  dorsal  portion,  which  are  lost  in  tbe^ 
skin-fold  covering  the  posterior  angle  of  the  ocular  cavity  at^ 
two  spots,  from  which  a  few  sections  farther  forward  there 
arise  the  upper  and  lower  lid-folds  (fig.  14). 
-    To  summarise  the  description  of  the  musculature  of  these 
embi^os,  it  may  be  said  that  the  branchial  muscles  arise  in  the 
dermal  tissue  at  some  distance  from  the  muscle  plate,  these 
pass  as  two  divisions,  superficial  and  deep  in  their  relations  tx> 
the  dorsal  pouch  of  the  gill  slit,  and  that  there  can  be  traced  ii^ 
the  region  of  the  h^her  arches  the  origin  of  a  yet  more  super- 
ficial musculature   within  the  most  superficial  layer  of    the 
dermis.   Further,  that  a  like  origin  can  be  found  for  the  muscles- 
of  the  spiracle  region ;  of  these  the  deepest  portion  is  seen  to  be 
connected  peripherally  with  the  maxillary  cartilage,  and  the  two 
superficial  sets  with  the  spiracle  walls  and  the  contiguous  skin.^ 
And  lastly,  that  in  the  latest  embryo  parts  of  these  two  super- 
ficial muscle  masses  can  be  traced  anteriorly  beyond  the  spiracle 
into  the  eyelid  folds. 

The  proportion  existing  between  the  state  of  the  spiracle  and 
its  muscles  in  the  adult  Plagiostomata,  and  the  degree  of  develop- 
ment of  the  nictitating  membrane  and  its  musculature  is  striking. 
It  is  in  an  inverse  ratio.  What  may  be  the  determining  factor 
of  this  relation  I  am  unable  to  suggest. 


•Species. 


Rays,    . 

Rhina,  . 
Acanthlas,     . 
Soylliuiu, 
MusteluB,      •        • 
Galeus, 
Caroharias  Zygsena, 


Spiracle. 

very  large 
do. 


Spiracle 
Muscles. 


Nictitatiug 
Membrane. 


Muscle  to  Lids. 


distinct 


do. 


1/ 

very  small  / 

I 

absent       traces  only 


none 

do. 

simple  retractors 


perfect        '  large  and  complex 


1  This  derivation  of  branchial  and  spiracular  musculature  from  homologous, 
sources  confirms  the  homologies  given  for  these  systems  by  Vetter  (84,  p.  407, 
€t  seq. ). 
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The  close  relation  which  spiracle  and  eyelids  have  iu  the* 
embryo  and  young  fish  is  not  apparent  from  examination  of 
adult  species ;  iu  the  latter,  growth  has  separated  the  two  con- 
fflderably.  A  comparison  of  the  measurements  of  the  shortest 
distance  between  the  palpebral  fissure  and  the  spiracle  to  the 
length  of  the  palpebral  fissure  will  illustrate  this.  The  propor- 
tion is  shown  in  an  index  giving  the  ratio  of  palpebral-spiracle 
distance  to  the  palpebral  fissure  length  taken  as  100 : — 


n«b. 


[ 


Length  of  Fbh.     1  Palp.  Piagure.  ^  ft&£!!S:  ^ 


Gateos  (adult)       .     about  1000  mm. 
MiisteIiu(do.)       .  I      ,,       700    ,, 
(embryo)         ,,       260    „ 
(do.)  „       200     „ 

I      »  (do.)  ,,         70    „ 


fi 


i> 


Spiracle. 


85  mm. 
25    „ 

12    ., 

8 
5 


25  mm. 
10    ., 
1-5  „ 

1  M 

0-5   „ 


Index  of       » 
Approximation.! 


I 


71 
40 


J  -k 


12 
10 


Begarding  the  ultimate  source  of  origia  of  the  muscle  masses 
above  described,  the  relation  which  the  ordinary  branchial 
muscle  anlages  are  found  to  bear  to  the  dermis  is  the  same  as 
that  generally  accepted.  This  dermal  tissue  has  been  shown  to 
be  the  derivative  of  the  outer  layer  of  the  myotome,  so  their 
source  is  that  common  to  all  muscle  tissue,  but  the  indirectness 
of  their  connection  indicates  an  evolution  antecedent  to  such 
muscle  tissue  as  that  of  the  limb-buds  where  the  derivation  is  a 
direct  one.  Of  the  presence  of  the  most  superficial  mass  of 
muscle  tissue  arisiug  within  the  superficial  dermis  in  the  higher 
branchial  segments  (figs.  11  and  12,  m.5.5.),  I  can  find  no  record 
of  previous  observations.  In  time  of  origin  it  is  later  than  the 
other  branchial  musculature,  but  its  dermal  source,  since  it  is 
the  more  superficial,  indicates  an  origin  from  an  earlier  dermal 
outgrowth  from  the  myotome,  but  whether  this  will  show  the 
morphological  value  of  the  muscle  as  of  primitive  or  later 
evolution  I  am  unable  to  determine. 

The  conclusion  of  these  observations  is  that  the  muscidaiure  of 
the  eydids  of  Mustelus  is  derived  from  a  musculature  primarily 
iekmging  to  the  spiracle  ;  also  that  there  is  evidence  to  shoiv  tlmi 
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this  arises  from  two  original  sources,-^he  one  a  superjicial  dsmuU 
layer,  the  other  a  portion  of  a  deeper  derrtUU  musde  layer. 

7.  The  Nerve  Supply  of  the  Musculature. 

Previous  to  my  dissections  of  the  adult  fishes  in  Easter  1898 
at  the  PlymouUi  Laboratory,  I  bad  read  the  statement  that 
the  muscles  of  the  membrana  nictitans  were  supplied  by  the 
N.  abducens— Huxley  (17,  p.  67),  Stannius  (30,  p.  163).  In 
•dissecting  out  the  connections  in  Mustelus,  and  later  in  Galens, 
I  was  able  to  trace  the  whole  of  this  nerve  into  the  M.  rectus 
€xternu8,  and  to  note  the  origin  of  the  *nervus  nictitans'  from 
the  maxillo-mandibular  division  of  the  N.  trigeminus.  This 
observation  I  communicated  then  to  Mr  Holt  (bon.  naturalist  to 
the  M.  B.  Assn.),  and  a  few  days  later  to  Professor  Macalister. 
Eidewood  gives  this  origin  for  the  nerve  in  his  paper.  Since 
then  I  have  repeated  the  dissection  with  the  same  result 

The  N.  abducens  escapes  from  the  skull  by  the  same  foramen 
AS  the  N.  trigeminus,  and  is  bound  up  in  the  same  tough  fibrous 
sheath ;  it  enters  the  substance  of  the  M.  rectus  externus  imme- 
diately on  leaving  the  foramen,  so  that  it  does  not  appear 
exposed  in  the  orbital  cavity,  and  the  muscle  must  be  opened 
out  before  the  nerve  can  be  seen.  The  N.  abducens  was  sepa- 
rated from  the  N.  trigeminus  in  its  entire  course,  and  found  to 
be  entirely  free  from  connection  with  the  N.  nictitans.  The 
origin  of  this  nerve  was  traced  into  the  trigeminal,  and  in  its 
substance  through  the  cranial  foramen.  Beyond  this  I  could 
not  follow  it 

In  embryo  *  E '  I  have  traced  the  nerve  from  the  periphery 
along  the  posterior  orbital  wall  to  its  connection  with  a  portion 
of  the  N.  trigeminus  trunk  close  to  the  Gasserian  ganglion. 
This  part  of  the  trunk,  on  being  traced  peripherally,  gave  origin 
to  the  nerve  of  supply  to  the  M.  levator  maxillaa  superioris. 

In  embryo  'N'  the  same  tracing  could  be  followed  to  the 
inner  side  of  the  ganglion,  and  the  connection  appeared  to  be 
continued  from  here  to  the  medulla  through  the  ventral  part  of 
the  root  I  give  these  observations  with  due  reserve,  for  it  is 
very  difficult  to  feel  sure  that  one  is  following  the  same  small 
group  of  neurons  through  many  transverse  sections*  when  the 
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gnmp  18  eontigaous  with  or  surrounded  by  neurons  of  an  exactly 
nmilar  character.  The  difficulty  was  recc^nised  by  Balfouf 
(4,  pi  197).  : 

IHiat  the  N.  nictitans  has  no  connection  with  the  N.  abducens 
I  am  well  assured,  but  I  could  not  eliminate  the  possibility  of 
a  connection  with  the  N.  facialis,  which  in  the  embryo  i» 
Atnated  in  close  connection  with  the  ventral  root  of  the  N.  tri- 
geminus, and  it  seems  likely  that  the  ultimate  source  of  the 
nerre  may  be  from  the  N.  facialis.  The  close  connection  which 
Aese  two  cranial  nerves  make  in  their  origin  is  well  shown 
in  the  schematic  figures  of  longitudinal  sections  of  Scyllium 
embryos  in  stages  'L'  and  'N,'  by  Marshall  and  Spencer  (21,. 
pL  xxviL  figs.  10  and  11).  Also,  on  this  point  the  observations 
of  Stannius  on  the  cranial  nerves  of  Plagiostomes  may  be 
quoted  (31,  p.  30).  In  Plagiostomes,  N.  trigeminus  and  facialis- 
arise  conjointly  from  three  roots,  the  most  anterior  of  which 
irises  from  the  ventral  surface  of  the  medulla  by  two  short 
roots,  which  unite  shortly  after  leaving  the  brain.  This  root  is- 
in  Baja  mainly  the  motor-supply  of  the  muscles  by  which  the 
respiratory  movements  of  the  anterior  wall  of  the  spiracle  are 
eSected,  and  also  of  certain  other  muscles  in  connection  with 
the  jaws.  Ewart  (9,  p.  529),  on  the  nerves  of  Lsemargus,, 
describes  the  origin  of  the  nerves  supplying  the  muscles  in 
front  of  the  spiracle,  from  the  mandibular  division  of  the 
trigeminal,  and  later  notes  the  close  connection  of  part  of  the 
facial  complex  with  this  nerve.  These  observations  on  the 
nerre  supply  of  the  spiracle  muscles  are  significant,  in  view  of 
the  origin  of  the  musculature  of  the  eyelids  from  these  muscles, 
as  I  have  shown  above. 

8.  The  Outer  Corneal  Layer. 

In  the  descriptions  of  the  simpler  forms  of  palpebral  appa- 
ratus, I  have  frequently  referred  to  the  above-named  structure 
in  connection  with  the  bulbar  attachment  of  the  conjunctiva. 
In  a  very  large  number  of  species,  by  incising  the  skin  immedi- 
ately around  the  bulb,  there  can  be  stripped  off  a  thin  layer  of 
transparent  'skin'  from  the  front  surface  of  the  bulb.  It  is 
always  attached  to  the  remaining  or  bulbar  part  of  the  cornea. 


22  DK  N.   BISHOP  HARMAN. 

to  a  greater  or  lesser  degree,  by  delicate  connective  tissue  which 
can  be  seen  tearing  up  as  the  flap  is  pulled  off.  In  some  fishes 
the  connection  is  so  slender  that  the  separation  can  be  made  and 
the  '  space'  injected  by  forcing  fluid  through  a  hole  made  in  the 
outer  layer,  when  it  will  be  demonstrated  that  the  '  space  '  has 
no  connection  with  other  subcutaneous  tissue.  In  diseased  cou- 
•ditions  of  captive  fish  this  potential '  space '  frequently  becomes 
actual  and  distended  with  gas ;  a  like  condition  may  affect  loose 
tissues  elsewhere.  I  have  seen  a  similar  condition  in  freshly 
caught  Pouter- whitings,  and  I  am  informed  that  this  is  always 
the  condition  of  this  fish  immediately  on  removal  from  the 
water,  but  there  is  no  appearance  of  it  in  the  healthy  free* 
swimming  fish. 

In  Eels  the  layer  is  removable  with  some  difficulty,  and  then 
the  bulbar  part  of  the  cornea  can  be  stripped  off  layer  by  layer 
of  transparent  connective  tissue. 

The  outer  cornea]  layer  is  separable  in  almost  every  species  of 
aea-fish,  excepting  those  of  voracious  habits.  It  is  not  separable 
in  those  whose  habitat  is  fresh  or  fresh  and  salt  water,  thus : — 

It  is  inseparable  in  Selachoidei,  Batoidei,  Holocephala,  Chon- 
drostei,  Perciformes,  Cotto-scombriformes  (ex.  Lophius),  Mu- 
giliformes,  Cyprinina,  Esocidse,  Salmonidae  (ex.  Smelt),  and 
Clupeidse. 

It  is  separable  in  Gastrosteiformes,  Gadoidei,  Pleuronectoidei, 
Mursenidse,  Syngnathidse,  and  Gymnodontes. 

Th^  only  exceptions  to  the  generalisation  from  habitat  are 
Smelt  and  Stickleback.  Both  these  fish  were  very  small  and 
soft,  being  winter  specimens,  so  that  the  exception  may  be 
accounted  for  by  ill-condition.  The  Eels  appear  exceptions,  but 
the  remark  on  the  mode  of  separation  for  these  fish  shows  them 
to  be  on  the  border  line.  The  histology  of  the  cornea  in  Cod, 
Eel,  and  Trout  has  been  treated  by  lightbody  (20,  p.  40),  who 
shows  there  is  in  Cod  a  layer  of  muco-areolar  tissue  dividing 
the  cornea  into  two  parts.  I  have  made  similar  observations  on 
the  Plaice,  which  show  that  the  proper  substance  of  the  cornea 
is  not  completely  organised. 
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II.  Relation  of  Bulb  to  Orbital  Walls. 

1.  The  Orbital  Sac  (6g.  16). 

On  opening  the  orbital  cavity  of  a  tish  by  an  incision  through 
the  skin  of  the  lower  eyelid  or  palpebral  margin,  the  cavity  will 
be  seen,  in  most  species  to  present  the  appearance  of  a  large 
Ijmph  sac  containing  a  small  quantity  of  pale  straw-coloured 
^uid.  Into  the  cavity  projects  the  bulb,  and  across  it  stretch 
ihe  bulbar  muscles  and  nerves.  The  cavity  is  lined  by  a  mem- 
brane which  is  reflected  over  the  walls  of  the  orbit,  the  bulb  and 
the  structures  connected  therewith,  thus  forming  visceral  and 
parietal  reflections  of  the  sac.  It  may  extend  from  the  region 
of  the  optic  foramen  to  the  cul-de-sac  produced  by  the  union  of 
the  conjunctiva  and  the  outer  corneal  layer,  and  arising  from 
below  the  bulb  it  tends  to  enfold  bulb  and  muscles,  and  to 
jneet  above  these  structures.  It  can  be  found  in  a  small  but 
sharply  defined  state  in  the  Angler,  where  an  incision  below  the 
ejre  will  give  entrance  to  a  smooth  and  thick  walled  bursal-sac 
which  turns  up  sUghtly  before  and  behind  the  bulb;  the  special 
/eatures  of  the  sac  found  in  this  fish  show  an  excellent  adapta- 
tion for  the  service  of  the  eye,  which  needs  to  be  protected  from 
the  action  of  the  huge  subjacent  pharyngeal  muscles  during  the 
spasmodic  working  of  the  trap-like  jaws.  In  the  Salmons  and 
Ling  the  sac  is  larger,  the  visceral  layer  forming  a  funnel-like 
iDvestment  to  the  bulb  and  its  muscles.  In  other  fish  this  layer 
has  become  more  discrete,  affording  separate  investments  to 
«ach  of  the  muscles.  Such  a  condition  is  found  in  the  Pleu- 
rouectids. 

2.  2Tie  Recessus  orbitcUis. 

In  these  fishes  the  sac  is  unusually  large,  and  has  in  con- 
nection with  it  a  reticulated  muscular  diverticulum,  which 
lies  without  the  orbital  wall  posteriorly,  and  between  the  man- 
dible muscles  and  the  dorso-lateral  skin.  It  has  been  described 
by  Holt  (14,  p.  422)  as  the  recessus  orbi talis.  I  have  found  the 
lecessus  according  with  the  description  given  in  all  the  species 
of  the  fishes  I  have  examined,  which  include  a  few  beyond  those 
named  by  Holt.     I  have  further  attempted  to  determine  the 
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nerve  supply  of  the  receasna.  £7  ordinary  dissection  no  more- 
can  be  ascertained  than  that  the  structure  is  crossed  by  two 
slender  branches  of  the  N.  trigeminus,  as  stated  by  Holt;  so- 
the  examination  was  continued  in  two  ways,  experimental  and. 
histological. 

By  the  courtesy  of  the  officials  of  the  Brighton  Aquarium,  I 
was  able  to  stimulate  the  nerves  of  the  r^on  in  a  freshly  killed- 
plaice.  A  Dubois  Reymond  coil  and  platinum  electrodes  were 
used,  and  the  effects  of  the  current  in  single,  slowly  repeated 
and  rapid  induced  shocks  observed,  after  testing  the  current  on^ 
the  ordinary  skeletal  muscles  with  satisfactory  effects.  These 
methods  were  used  on  the  branches  of  the  N.  trigeminus  in 
relation  to  the  recessus,  on  the  blood-vessels  supplying  the  saccas,. 
in  the  hopes  of  stimulating  sympathetic  fibres,  and  lastly  on  the 
recessus  itself,  but  in  each  case  the  result  was  negative. 

Further,  portions  of  the  fresh  recessus  were  treated  by 
DogieFs  methylene  blue  and  Lowit's  gold  chloride  methods  for 
tracing  nerve  endings.  By  both  these  means  of  preparation, 
several  fine  nerve  fibres  could  be  followed  in  their  course  withini 
the  elastic  outer  coat  of  the  recessus;  these  nerves  arose  from 
the  X.  trigeminus,  and  in  one  case  there  was  an  appearance  of 
short  thin  twigs  given  off  at  right  angles  to  one  of  these  fine 
nerve  branches  to  end  in  the  underlying  muscle  tissue,  but  this 
was  seen  in  only  one  gold  preparation,  and  in  only  a  small  part 
of  that,  so  that  without  repetition  it  cannot  be  accepted  as 
evidence  of  the  manner  of  the  nerve  ending.  The  blood-vessels 
make  a  very  complete  network  in  the  elastic  coat.  The  muscles 
can  be  seen  arising  from  the  proximal  portion  of  the  recessus  as 
fasciculi,  which  give  off  many  branches  to  connect  with  neigh- 
bouring fasciculi ;  at  the  periphery  of  the  recessus  many  slender 
branches  arch  over  to  counect  with  similar  branches  from  the 
other  side. 

I  have  not  yet  succeeded  in  tracing  the  origin  of  the  recessus  • 
from  the  orbital  sac.  The  origin  of  the  latter  can  be  clearly 
followed  in  the  Mustelus  embryos  (fig.  7c).  It  arises  by  a* 
simple  cleavage  of  the  mesoblast  packing  which  fills  the  interval 
between  the  developing  optic  capsule  and  cranial  walls;  it  is- 
therefore  analogous  in  its  formation  to  the  other  greater  con- 
nective-tissue spaces  of  the  body. 
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3.  The  Vapsule  of  temn  (fig.  16). 

« 

Within  the  visceral  layer  of  the  orbital  sac,  and  separating  it 
from  the  aclerotic,  is  a  fibrous  capsular  investment  to  the  bulb. 
I  hare  applied  the  above  name  to  it  since  the  capsule  corresponds 
veiy  well  to  the  ocular  investment  known  bj  this  name  in  the 
higher  mammalian  anatomy.  It  is  sepanited  from  the  osseous, 
cartilaginous,  or  fibrous  sclerotic  by  loose  connective  tissue, 
which  may  contain  more  or  less  mucous  tissue.  It  i&  united 
with  the  fibrous  sheath  of  the  optic  nerve  near  the  entrance  of 
the  latter  into  the  bulb,  and  it  blends  with  the  tissue  of  the 
palpebral  margin  or  lids  and  that  of  the  sulx^onjunctival  region. 
Each  bulbar  muscle  receives  an  investment  which  extends  ia 
the  direction  of  the  origin  of  the  muscle.  Langhans  (18)  and 
Owen  (24,  p.  334)  include  this  in  the  tissue  of  the  sclerotic, 
bat  I  think  the  relation  which  it  bears  to  the  bulbar  muscles  is 
soffident  to  separate  it  from  the  true  sclerotic.  The  capsule, 
however,  can  hardly  be  considered  to  perform  the  pulley-like 
>etion  for  the  muscles,  ascribed  to  the  like  investment  in  man, 
except  in  the  case  of  pleuronectids  {infra.  Section  III.  3),  since 
the  sclerotic  is  so  stiff  as  to  need  no  protection  from  muscle 
pressure.  In  one  species  the  capsular  investments  are  peculiarly 
strong,  to  the  detriment  of  the  muscles;  in  the  Conger  the 
moscles  are  small  and  obscured  by  the  dense  white  membrane 
covering  them.  This  fact,  together  with  the  absence  of  con. 
junctival  fomices,  and  the  density  of  the  skin  connecting  the 
cornea  with  its  surroundings,  accounts  for  the  immobility  of  the 
eye.  A  captive  specimen  of  this  creature  spends  most  of  its 
time  reposing  in  the  shade  of  some  drain-pipe  provided  for  its 
delectation,  or  with  its  nose  deep  in  some  comer ;  any  motion 
required  for  the  extension  of  its  vision  appears  to  be  supplied  by 
the  movements  of  its  flexuous  body. 

In  certain  fishes  the  capsule  comes  into  special  prominence  in 
connection  with  a  structure,  the — 

4.  *  CariUago  gitsterUaculinn  oculi '  (figs.  15  and  16). 

The  rod  of  cartilage  to  which  I  apply  this  name  has  been 
noticed  by  many  observers.  Sommerring  (29)  names  the  earlier 
of  these  observers,  and  himself  briefly  describes  the  cartilages 
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•found  in  Kaja  and  Acanthiaa,  and  figures  the  excised  eyes  of  these 
fish  with  the  cartilages  attached.  Its  presence  in  most  Plagio- 
stomata  has  been  noted  by  Owen  (24,  p.  337),  Giinther  (10,  p. 
112),  and  incidentally  by  Leuckart  (19,  p.  167),  and  Huge  (28, 
p.  243).  Each  has  applied  some  loosely  descriptive  pame  such 
ias  *  Cartilaginous  peduncle,'  *  Augenstiel,*  and  '  Knorpelstab/ 

The  variations  in  its  form  in  adult  rays  and  sharks  can  be 
best  illustrated  by  reference  to  the  following  fishes : — 

The  Blond  Eay  (fig.  15)  shows  it  in  its  highest  development 
as  a  broad  flat  cartilaginous  rod  which  springs  from  the  depth 
of  a  small  depression  of  the  cranial  wall,  and  passes  outwards 
and  upwards  in  a  gentle  curve  to  end  in  a  cup-shaped  enlarge- 
ment which  is  within  the  capsule  of  Tenon.  This  cup  articulates 
with  a  semicircular  enlargement  of  the  bulbar  cartilage,  the  whole 
-forming  a  well  developed  cup-and-ball  joint.  In  this  fish  the 
cup  end  of  the  cartilage  is  stayed  by  three  fibrous  strands  which 
are  affixed  to  the  anterior  and  posterior  orbital  walls,  and  to  the 
•mesial  wall  at  the  posterior  edge  of  the  optic  foramen.  In 
Acanthias  the  cartilage  is  long,  slender,  and  cylindrical,  and  the 
cup  small ;  the  relations  to  the  bulb  and  Tenon's  capsule  are  the 
same,  but  there  is  no  special  bulge  on  the  bulbar  surface  for  the 
articulation,  also  there  are  no  ligamentous  stays  to  the  stem 
stretching  across  the  orbital  cavity ;  there  is,  however,  a  radial 
-arrangement  of  strengthening  fibres  in  the  capsule,  passing  from 
the  stem  to  the  periphery  of  the  capsule.  In  Galeus  (fig.  16) 
the  stem  bears  the  same  relation  to  the  cranial  wall  and  the 
capsule ;  the  bulbar  end  is,  however,  not  cup-shaped,  but  presents 
a  plain  smooth-surfaced  knob,  which  is  separated  from  the 
sclerotic  by  a  pad  of  soft  muco-areolar  tissue.  In  Mustelus  the 
cartilage  is  yet  more  reduced,  and  its  connections  with  both 
<;ranium  and  capsule  so  fragile  that  it  is  displaced  on  the  slightest 
manipulation. 

In  Zygsena  the  central  end  does  not  reach  the  cranium,  but 
abuts  on  the  common  tendon  of  origin  of  the  recti  muscles  (see 
Section  III.  1).     It  is  not  found  in  Scyllium. 

In  all  these  cases  the  relation  borne  by  the  cartilage  to  the 
optic  nerve  is  the  same ;  the  cartilage  is  posterior  and  slightly 
dorsal  to  the  nerve,  and  separated  from  it  at  its  central  end 
bj  a  considerable  interval. 
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The  uses  which  such  an  ocular  support  subserve  are  fairly 
obvious  in  the  Skate,  in  which  fish  the  eye  is  held  at  a  level  con- 
siderably above  that  of  the  surrounding  skin.  Apparently  the 
fish  has  no  power  of  altering  the  elevation  of  the  eye,  but  the 
liability  to  risk  of  injury  from  slight  violence,  consequent  on 
the  projection,  is  minimised  by  the  flattening  of  the  upper  sur- 
face of  the  bulb,  aud  the  cartilage,  though  hyaline,  is  sufficiently 
elastic  to  allow  of  depression  with  greater  force. 

In  Sharks  the  cartilage  compensates  for  the  lack  of  support 
afforded  the  bulb  by  the  unusually  large  size  of  the  orbital 
cavitj,  and  also  appears  to  facilitate  rapid  and  long  continued 
bulbar  movements.  In  watching  a  captive  Acanthias,  it  was 
observed  that  with  each  stroke  of  the  tail  in  swimming  the  head 
was  deflected,  whilst  the  eyes  made  a  reverse  and  compensatory 
swing  to  maintain  the  constancy  of  vision. 

The  obliquity  of  the  position  of  the  cartilage  obviates  the 
defects  to  which  inelastic  support  is  liable. 

Development. — ^The  mesoblast  is  known  to  condense  around 
the  optic  evagination,  and  one  would  suppose  this  cartilage  to 
be  developed  in  a  portion  of  the  mesoblast  which  surrounded 
the  optic  nerve  and  the  distance  between  nerve  and  cartilage  in 
the  adult  to  be  a  result  of  separation  by  intercallary  growth  of 
the  orbital  wall ;  reference  to  the  embryo,  however,  shows  this 
is  not  the  case. 

In  the  earliest  embryo  there  is  no  orbital  sac;  the  small 
interval  between  the  relatively  large  bulb  aud  the  condensing 
mesoblast  of  the  skull  is  filled  up  by  the  growing  orbital  muscles 
and  nerves,  together  with  a  quantity  of  loose  mesoblastic  tissue. 
In  embryo  *  P '  (fig.  7c)  the  mesoblast  becomes  vacuolated  in 
portions  of  the  orbital  cavity,  whilst  at  a  spot  removed  from  the 
site  of  the  optic  nerve,  by  a  considerable  distance  in  a  dorso- 
posterior  direction,  the  mesoblast  forms  a  denser  band  which 
<»nnects  the  forming  skull  wall  with  the  condensing  optic 
capsule;  within  this  mass  cartilage  is  found  in  embryo  'Q.' 
Even  at  this  early  date  the  site  of  the  connection  of  the  anlage 
of  the  cartilage  with  the  cranial  wall  is  depressed,  and  it  is  from 
the  bottom  of  this  depression  the  column  of  mesoblast  springs. 
Thus  the  cartilage  has  an  origin  independent  of  the  immediate 
mesoblastic  investment  of  the  optic  nerve,  and  seems  to  arise  at 
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a  sitoatioii  where  the  bulb  and  orbit  are  in  longest  and  least 
obstracted  contigoity. 

5.  The  *  ligameittum  tenacvlum  octdiJ 

A  fibroos  band  attaching  the  bulb  to  the  mesial  wall  has  been 
noted  hj  Sommerring  (29,  p.  70),  Owen  (24,  p.  337),  Gunther 
(10,  p.  112),  and  Leuckart  (19,  p.  169).  In  the  majority  of 
cases  in  which  I  have  found  the  ligament  present,  it  has  formed 
a  cord  of  variable  strength  lying  anterior  and  parallel  to  tho 
optic  nerve,  so  that  it  differs  in  position  from  the  sostentacalar 
cartilage.  It  is  present  in  this  form  in  all  freshwater  fishes,  e^.. 
Pike,  Tench,  Carp,  Trout,  Bream,  Perch ;  also  in  fishes  frequent- 
ing salt  and  fresh  water,  as  Salmons,  Sturgeon,  Herrings,  Bass. 
It  is  present  in  a  few  only  of  the  sea  fishes,  and  these  are  Ked 
Mullet,  Mackerel,  Tunny-fish,  Grey  Midlet. 

The  ligament  in  the  Sea-bream  (fig.  17)  is  noticeable  in  that 
it  is  separated  from  the  optic  nerve  in  its  central  attachment. 
The  strong  short  fibrous  cord  of  each  eye  springs  from  the  same 
spot  on  the  membranous  interorbital  septum,  which  is  strength- 
ened by  a  patch  of  dense  white-fibrous  tissue ;  the  attachment 
to  the  bulb  is,  as  usual,  anterior  and  superior  to  the  entrance  of 
the  optic  nerve.  In  the  Pike  the  ligament  is  very  strong, 
Leuckart  (19,  p.  169)  describes  it  as  a  slender  elastic  car- 
tilaginous bar ;  I  find  it  consists  of  a  strong  fibrous  tube,  within 
which  is  some  soft  glassy-looking  material  Microscopical  sec- 
tions of  the  hardened  ligament  prove  this  to  be  merely  muco- 
areolar  tissue,  and  no  trace  of  cartilage  cells  are  to  be  found 
within  it  or  the  surrounding  fibrous  sheath ;  the  strength  of  the 
structure  lies  in  the  fibrous  outer  part,  so  that  it  is  essentially 
the  same  as  the  ligament  of  other  fish.  In  the  Rudd  and  Boach 
the  ligament  is  double,  for  a  narrower  band  lies  posterior  to  the 
nerve  in  addition  to  the  usual  anterior  ligament ;  the  two  meet 
in  a  web,  and  are  attached  to  the  bulb  immediately  above  the 
optic  nerve. 

Bearding  the  origin  of  this  ligament,  I  have  made  no  obser- 
vations on  embryos,  but  I  think  that  it  will  differ  from  that  of 
the  sustentacular  cartilage  in  being  merely  a  thickening  of  the 
mesoblast  around  the  optic  stalk,  and  not  a  separate  growth,  a» 
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Ib  the  cartilage ;  this  suggestion  is  supported  by  the  presence  of 
the  ligament  parallel  to  the  optic  nerve,  in  addition  to  the  car- 
tilage, in  the  case  of  the  Bay  (fig.  15). 


III.  The  Oculo-Motor  Muscles. 

1.  General  Scheme. 

Within  the  large  range  of  fishes  examined  the  arrangements  of 
the  ocular  muscles  are  singularly  simple  and  regular ;  they  consist 
of  the  usual  musculi  recti  and  musculi  obliqui,  and  it  is  m  but 
few  species  that  variations  in  the  shape  and  mode  of  attachment 
can  be  found. 

As  regards  the  origin  of  these  muscles,  the  M.  recti  arise  in 
most  cases  in  immediate  relation  to  the  optic  foramen  at  the 
posterior  part  of  the  orbit,  and  the  M.  obliqui  from  the  anterior 
portion  close  to  each  other.  The  relations  and  variations  of  the 
oiigins  in  Plagiostomata  are  shown  in  the  figures  of  Tiesing  (32, 
taf.  v.),  and  the  connections  for  bony  fishes  are  described  by 
Stanoius  (30,  pp.  59  and  174). 

The  variations  from  these  plans  are  few.  In  Chinuera  mofir 
dro9a  there  is,  as  noted  by  Gegenbaur  (9a,  p.  942),  a  displace- 
ment of  the  origin  of  the  M.  rectus  internus,  the  muscle  is  much 
shorter  than  usual,  and  arises  from  the  posterior  edge  of  the 
frontal  cartilage  immediately  in  front  of  the  membranous  inter- 
orbital  septum ;  it  is  supplied  from  the  third  nerve  (Cole,  6,  p. 
642,  and  plate  i.)  by  a  long  branch  which  passes  over  the  optic 
nerve  and  across  the  interorbital  septum  to  the  muscle  origin. 

The  origin  of  the  M.  recti  of  Zygcena  malleus  is  described  by 
Owen  (24,  p.  336)  in  the  following  terms :  they  '*  are  remarkable 
for  their  length,  since  they  arise  from  the  basis  cranii  and  extend 
along  the  lateral  processes  of  peduncles,  at  the  free  extremities 
of  which  the  eyeballs  are  situated" ;  a  similar  statement  is  made 
by  Gunther  (10,  p.  112).  In  the  specimen  of  the  fish  which  I 
dissected  (spirit  specimen,  length  52  cm.),  this  was  certainly  not 
the  arrangement  found  (fig.  18).  On  removing  the  skin  from 
the  inferior  aspect  of  the  lateral  processes,  the  long  strap*like 
optic  nerve  was  seen ;  pulling  this  aside,  there  was  exposed  on 
its  deep  surface  a  fibrous  baud  extending,  in  company  with  the 
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oculo-motor  nerves,  from  the  basis  eranii  to  within  a  short 
distance  of  the  bulb ;  from  this  band  there  arose  by  a  common 
tendon  the  four  recti,  which  were  no  longer  than  those  found" 
in  other  sharks  of  the  same  size ;  ^  between  the  common  tendon 
and  the  bulb  there  was  the  usual  sustentacula!  cartilage.  The 
measurements  of  the  muscles  were : — 


Length  of  Fish. 


520  mm. 


Length  of  Lateral 
Process. 


£0  mm. 


Length  of  Cranio- 
Muscular 
Ligament. 


32  mm. 


Length  of 
Muscles,  average. 


14  mm. 


Length  of  N. 
Opticus. 


40  mm. 


The  insertions  of  the  muscles  vary  within  certain  narrow 
limits.  The  usual  method  is  by  a  thin  flat  tendon  to  the  peri- 
pheral edge  of  the  sclerotic.  The  M.  rectus  internus  falls  short 
of  this  attachment  in  Herrings  and  in  the  Salmon  Argeiitiim 
sHiLS  (the  irregularity  is  not  found  in  the  common  salmon  or 
trout).  In  these  fish  the  muscle  is  short  and  attached  to  the 
posterior  pole  of  the  bulb  immediately  anterior  to  the  optic 
nerve ;  in  all  these  cases  the  bulb  is  large,  and  fills  the  orbit 
very  completely,  so  that  the  shortening  may  be  the  effect  of 
pressure. 

.  The  relation  which  the  insertions  of  the  M.  recti  et  obliqui' 
superiores  make  with  each  other  varies  in  form.  In  the  Plagio- 
Btomata  the  muscles  approach  from  the  opposite  angles  of  the- 
orbit,  and  are  inserted  \/-fashion  into  the  sclerotic,  their  tendons 
being  separated  by  a  small  interval ;  in  other  fish,  Chimaera, 
Sturgeon,  Caranx,  Cantharus,  Tunny,  Perch,  Hake,  Eoach,  and 
Brama,  the  meeting  is  complete  as  a  V-shaped  insertion;  in  yet 
others  the  M.  obliquus  superior  overlaps  the  M.  rectus  superior, 
as  in  the  [John  Dory  (figs,  17  and  19),  and  Sea-bream,  Eed 
Mullet,  Cod,  Ling,  Tench,  Eudd,  Salmon,  and  Sun-fish  ;  this  pro- 
gression increases  until  a  complete  crossing  results,  a  conditioit 
found. in  Mackerel,  Grey  Mullet,  Whiting,  Haddock,  and  Little 

^  In  re-examiniDg  Muller's  figure  of  the  dissection  of  the  nictitating  membrane- 
pi  this  fish  (23),  I  find  that  this  arrangement  is  indicated  therein.  No  descrip- 
tion iftattached. 
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Pipe-fish.      A   similar   relationship  is  found   for  the  inferior 
muscles. 

In  some  fish  there  is  an  intimate  connection  of  the  muscle- 
sheath,  and  even  part  of  its  tendon,  with  the  subconjimctival 
tissue,  as  in  the  case  of  the  M.  rectus  externus  of  Ling  and  all 
Pleuronectids.      This    tendency    to    form    palpebral-retractor 
muscles  is  seen  at  its  maximum  in  Orthagoriscus,  an  excised 
eye  of  which  fish  I  have  examined ;  the  eye  is  of  enormous  size, 
the  bulb  being  about  the  size  of  a  closed  fist,  and  each  muscle  a 
thick  fleshy  strap,  having  dimensions  about  15  x  4  x  2  cm.;  the 
mass  of  the  &L  rectus  superior  passes  under  the  oblique  muscle 
to  its  bulbar  insertion,  but  a  small  part,  superficial  and  anterior 
in  position,  passes  on  to  blend  with  a  detached  superficial  set  of 
fibree  of  the  oblique  muscle;  these  conjoined  fibres  are  thea 
inserted  into  the  tissue  beneath  the  conjunctival.     I  am  unable 
to  give  their  relation  to  palpebral  folds,  if  such  exist,  as  the  eye 
was  too  closely  excised.    A  like  relation  exists  in  the  M.  recti  et 
obliqui  inferiores;  the  M.  rectus  internus  also  divides  and  is 
inserted  in  a  similar  double  fashion,  but  no  division  appears  for 
the  M.  rectus  externus,  though  the  connection  of  its  tendon  with 
the  conjunctiva  is  close. 

The  description  of  the  variation  in  the  muscles  of  Pleuronectes 
is  reserved  for  Section  III.  3,  of  this  paper,  and  remarks  on  the 
musculature  of  the  Lamprey  are  reserved  for  a  later  paper. 

2.    Variations  for  Projection  and  Retraction. 

In  certain  fish  whose  bodies  have  become  much  flattened 
laterally,  whilst  they  still  retain  the  dorso-ventral  position 
normal  to  fish,  there  are  effects  arising  out  of  the  relation  of 
the  muscles  to  the  bulb  which  can  produce  projection  of  the 
bulb.  In  watching  the  movements  of  a  captive  Zeus  faher,  it 
appeared  that  the  fish  had  the  power  of  projecting  outwards  the 
bulb,  especially  in  the  posterior  quadrant,  so  increasing  its 
range  of  vision  nasal-wards.  Dissection  of  a  specimen  showed 
that  there  was  no  special  apparatus  whereby  this  could  be 
performed,  but  that  the  M.  rectus  internus  was  unusually  long,, 
and  that  the  position  of  the  muscle  in  its  passage  from  the  sub- 
cranial canal  along  the  mesial  aspect  of  the  discoid  bulb  to  its- 
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insertion  was  such  that  a  contraction  of  the  muscle  must  result 
in  the  movement  of  the  bulb  in  an  outward  direction  (fig.  19), 
any  substantial  internal  rectification  such  as  could  be  effected 
in  a  more  spheroidal  eye,  being  prevented  by  the  coincident 
pressure  of  the  bulb  against  the  long  strap-like  muscle  and  the 
posterior  ocular  wall.  In  this  case  the  short  M.  rectus  eztemus 
would  act  as  a  retractor. 

The  eye  of  Periophthalmos  is  credited  with  the  movements  of 
projection  and  retraction.  Giinther  (10,  p,  488)  writes: — "The 
peculiar  construction  of  their  eyes,  which  are  very  movable,  and 
can  be  thrust  out  of  their  sockets,  enable  them  to  see  in  the  air 
as  well  as  in  the  water ;  when  the  eyes  are  retracted  they  are 
protected  by  a  membranous  eyelid."  I  have  had  no  opportunity 
of  observing  the  movements  of  the  living  fish,  but  have  exam* 
ined  and  dissected  a  small  spirit  specimen.  The  large  round 
eyes  were  raised  freely  from  the  lateral  surface  and  above  the 
level  of  the  dorsal  osseous  crest ;  their  appearance  of  isolation 
from  their  surroundings  was  heightened  by  the  presence  of  a 
deep  sulcus  existing  between  the  bulb  and  the  subjacent  bulge 
of  the  maxillary  muscles ;  no  eyelid  formation  was  visible,  the 
eurrounding  skin  formed  a  collar  of  soft  tissue  which  was 
probably  loose  in  the  fresh  state.  A  wide  circular  incision 
allowed  the  whole  of  the  skin  of  the  side  of  the  head  with  the 
bulbar  skin  collar  and  the  outer  corneal  layer  to  be  removed 
with  ease,  and  no  part  of  the  removed  skin  showed  any  special 
thickening,  as  would  be  necessary  for  the  formation  of  a  '  mem- 
branous eyelid.'  The  exposed  orbital  cavity  was  roomy  and 
completely  lined  by  the  orbital  sac,  which  extended  between 
the  skin  of  the  infraorbital  sulcus,  above  described,  and  the 
upper  surface  of  the  maxillary  muscles.  No  contractile  or 
clastic  part  of  the  sac,  such  as  the  recessus  orbitalis,  could 
be  foimd;  but  I  must  here  repeat,  the  specimen  was  small. 
The  muscles  were  normal,  except  for  the  relation  of  the  M. 
rectus  et  obliquus  inferiores :  these  crossed  each  other  in  their 
jnid-lengths,  the  obliquus  being  the  superficial. 

My  impression  from  the  examination  of  this  specimen  is  that 
the  special  motion  of  the  eyes  of  this  fish  must  be  a  verttc(4 
elevation  and  depression  rather  than  projection  and  retraction. 
In  the  deep  and  wide  infraorbital  sulcus,  the  extent  of  which  is 
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not  indicated  in  the  figure  attached  to  Giinther's  description, 
there  exists  a  provision  which  would  allow  of  considerable 
depression  of  the  bulb  in  the  flaccid  state  of  its  muscles,  whilst 
the  position  of  their  orbital  attachments  and  the  'cradle' 
formed  by  the  crosang  of  the  inferior  muscles  are  such  that 
general  contraction  of  the  muscles,  to  even  a  moderate  degree, 
would  elevate  the  bulb  from  its  resting-place. 

The  above  examples,  and  that  of  the  Pleuronectid  fishes  (vide 
*  orbital  sac '  and  infra),  are  the  only  cases  in  which  projection 
and  allied  motions  could  be  found.  Occasionally,  in  handling 
fish  preparatory  to  killing  them,  I  have  noticed  a  decided 
retraction  of  the  eye :  this  has  been  mostly  in  freshwater  fish, 
e.^.  Pike  and  Tench,  but  I  have  seen  no  such  efiects  in  swim- 
ming captive  specimens. 


8.  Modifications  in  Pleuronectid  Fishes. 

Observations  of  the  eye  movements  of  captive  specimens  of 
these  fishes  will  show  that,  beyond  the  power  of  projection 
described  by  Holt,  there  is  a  distinct  power  of  rotation  of  the 
eyes,  —  a  power  which  I  think  is  peculiar  to  them,  and  one 
which  probably  depends  upon  a  secondary  adaptation  of  the 
eye  muscles  to  their  habits  of  life.  The  eyes  can  be  moved 
around  a  central  axis,  passing  through  the  cornea  to  the  poste- 
rior pole  of  the  bulb,  and  the  rotatory  excursion  may  extend  to 
as  much  as  one-eighth  of  a  circle.  This  peculiarity  of  motion  is 
amply  accounted  for  by  a  specialisation  of  the  M.  obliquus 
superior,  a  muscle  which  in  these  fishes  is  of  unusually  large 
size  relatively  to  the  others. 

I  shall  describe  the  arrangements  of  the  muscles  in  the  Hali- 
but, a  convenient  fish  on  account  of  the  great  size  of  its  eye 
muscles  (fig.  20).  The  M.  obliquus  superior  takes  origin  from 
the  anterior  angle  of  the  orbit,  and  passing  outwards  to  the 
bulb  in  the  direction  of  the  usual  site  of  insertion,  it  now  enters 
an  investment  of  Tenon's  capsule  and  divides  into  two  parts. 
The  larger  is  inserted  by  a  thin  flat  tendon  into  the  sclerotic 
just  behind  the  sclero-comeal  junction,  and  in  close  connection 
with  the  tendon  of  the  M.  rectus  superior ;  the  smaller  portion, 
after  leaving  the  main  mass,  crosses  the  M.  rectus  superior,  and 
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lying  within  a  sheath  derived  from  Tenon's  capsule,  it  follows 
the  posterior  quadrant  of  the  bulb  until  reaching  the  level  of 
the  M.  rectus  externus,  where  it  is  inserted  by  a  thin  tendon 
into  the  bulb  on  the  line  of  its  greatest  circumference  imme- 
diately deep  to  that  muscle.  The  slip  is  supplied  from  the 
N.  trochlearis  by  a  branch  which  separates  from  the  main  trunk 
before  it  reaches  the  muscle.  This  special  slip  is  present  in 
both  eyes  of  all  the  species  which  I  have  been  able  to  obtain, 
in  both  dextral  and  sinistral  fish,  and  in  both  large  and  small 
specimens. 

The  degree  of  separation  of  the  slip  from  the  main  oblique 
mass  differs :  it  is  more  complete  in  the  common  Plaice  than  in 
the  Halibut,  still  more  so  in  the  Bough  Dab,  and  most  in  the 
Flounder,  where  the  division  extends  for  the  greater  part  of  the 
muscle  length.  In  this  fish  the  M.  obliquus  superior  is  more 
extended  in  its  insertion,  part  of  its  fibres  crossing  the  upper 
surface  of  the  M.  rectus  superior.  No  such  special  arrangement 
is  found  in  the  inferior  muscles,  but  the  M.  obliquus  crosses  the 
M.  rectus  superficially  in  a  manner  described  for  other  fish  ;  and 
in  Turbot  and  Brill  these  muscles  are  so  diminished  in  size  that 
their  insertion  is  by  two  small  superimposed  tendons  imme- 
diately ventral  to  the  optic  nerve. 

Cunningham  (7,  p.  50),  in  his  monograph  on  the  Sole,  devotes 
considerable  space  to  the  eye  muscles.  He  notes  a  disturbance 
of  the  origin  of  the  oblique  muscles  of  the  displaced  eye,  and 
also  the  crossing  of  the  inferior  muscles  near  their  insertion ; 
but  in  his  description  of  the  M.  obliquus  superior,  no  mention  is 
made  of  this  special  development. 

It  is  evident  that  this  specialisation  of  the  M.  obliquus  supe- 
rior is  calculated  to  extend  the  field  of  vision  in  a  manner 
peculiarly  advantageous  to  a  fish  which,  from  its  adoption  of  a 
sedentary  life,  will  lose  the  range  obtained  by  the  rapid  body 
movements  of  more  active  and  free-swimming  fish. 

It  is  worthy  remark  in  this  connection  that  in  those  creatures 
whose  eyes  are  situated  laterally  in  the  head,  and  have  their 
visual  axes  lateral,  the  M.  obliqui  are  simple  iu  their  character; 
but  in  creatures  whose  visual  axes  are  capable  of  convergence, 
there  is  a  specialisation  of  the  M.  obliquus  superior.  The  direc- 
tion of  the  visual  axes  of  Pleuronectid  fishes,  in  the  projected 
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state  of  the  eye  during  life,  is  frequently  one  of  convergence: 
the  eyes  of  many  mammals  are  capable  of  rotating  about  con- 
vergent axes,  e,g.  the  horse,  and  the  condition  is  complete  in 
man.  In  all  these  there  is  a  specialisation  of  the  M.  obliquus 
superior,  and  broadly  speaking  along  the  same  lines— one  of 
extension  of  the  muscle. 

fi^arding  the  M.  rectus  externus  and  internus,  both  of  these 
are  subject  to  some  variation.    In  most  of  these  fish  thei*e  is  a 
diminution  in  the  size  of  the  external  muscle.     In  the  Halibut 
it  is  a  small  rounded  muscle,  deficient  in  contractile  substance 
for  the  distal  third  of  its  length,  a  great  contrast  to  the  broad 
strap-like  appearance  of  the  other  miiscles ;  the  insertion  ia  by  a 
slender  tendon  which  runs  for  some  distance  in  a  fibrous  sheath, 
closely  adherent  to  the  subconjunctival  tissue,  to  its  insertion  at 
the  extreme  edge  of  the  sclerotic ;  some  of  its  fibres  pass  into 
the  subconjunctival  tissue.     This  diminution  was  found  to  a 
greater  or  less  degree  in  all  the  species  examined.    The  causa- 
tion is  not  clear ;  it  may  be  due  to  a  decrease  coincident  with 
increase  of  the  anterior  muscles  to  allow  more  freely  of  con- 
Tergence ;  in  some  cases  it  seemed  as  though  the  hump  caused 
by  the  mandible  muscles   obscured  the  range  of  vision  pos- 
teriorly, and  with  this  the  smallness  may  be  connected     In  the 
ease  of  the  Eough  Dab,  this  is  undoubtedly  connected  with  a 
partial  displacement  of  other  M.  recti ;  the  M.  rectus  superior  is 
more  posterior  in  insertion  than  usual,  so  as  to  be  almost  parallel 
with  the  M.  rectus  externus,  thus  sharing  its  action,  whilst  the 
M.  rectus  internus  has  become  more  superior  than  in  others  of 
the  genus. 

The  following  are  the  measurements  of  the  muscles  of  a  large 
Halibut  and  Turbot ;  the  heads  of  the  fish  were  of  nearly  full 
aze,  as  is  shown  by  the  measurements  taken  from  the  symphysis 
of  the  mandible  around  the  gill  cover  to  its  dorsal  extremity. 
The  smallness  of  the  muscles  of  the  Turbot  and  Brill,  with  the 
shortened  insertion  of  the  inferior  muscles,  and  the  feeble  power 
of  projection  possessed  by  the  latter  fish,  Holt  (14,  p.  429) 
appear  to  be  correlated  with  the  inelasticity  and  lack  of  volume 
in  the  circumcomeal  skin  collar. 
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Measurements  of  Mttsdes  (millimetres). 


Fish. 

Jaw-gill 
lenglli. 

Superior  Obliqae: 

R.  Supr. 

B.  Into. 

R.  Exto. 

R.  Infr. 

Inf.  Obliq. 

Main 
mass. 

Special 
Slip. 

HaUbut 
Turbot 

870 
228 

43x20x4 
28x  4x1 

40x    4x2 
16  X 1-5  X  0-6 

84x11x4 

43x  4x2 

1 

85x8x5 
44x3x2 

81x5x8 
46x1x1 

80x13x3 
36x  4x2 

39X12X4 
20x   4X2 

In  concluding,  I  wish  to  state  my  indebtedness  to  Dr  Harmer, 
Curator  of  the  Zoological  Museum,  Cambridge,  for  access  to  fish 
which  could  not  be  obtained  by  purchase ;  and  to  the  Worship- 
ful the  Company  of  Fishmongers  for  their  nomination  to  a 
table  at  the  Plymouth  Laboratory  of  the  Marine  Biological 
Association. 
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DESCRIPTION  OF  PLATES  I.-VI. 

Fig.  1.  The  <' pseuda-membrana  nictitans''  of  ScUmo  satar,  dissected 
out.  The  broad  ligament  is  the  anterior.  The  curved  groove  on  the 
surface  is  the  impression  of  the  anterior  palpebral  fold,      x  |. 

Fig.  2.  The  head  of  Clupea  liarengus,  showing  the  three  palpebral 
folds  and  narrow  vertical  palpebral  fissure,      x  \. 

Figs.  3,  4,  5,  and  6.  The  right  eyes  of  (3)  Carcharias  glaucus,  (4) 
Galeus  vulgaris,  (5)  MustdtM  losvis,  and  (6)  Scyllium  canicvla.  Figs. 
3  and  6  are  life  size,  4  and  5  x  ^. 

Figs.  7  a,  &,  c.  Series  of  transverse  sections  through  the  lower 
palpebral  apparatus  of  Mustdus  Imvis  embryo  '  P.' 

Fig.  7c  sdso  shows  the  formation  of  the  cartilago  sustentaculum 
oculi  {c,8.a,)  and  of  the  orbital  sac  (o.sc.). 

Figs.  8  a,  b,  and  c.  Series  of  sections  through  the  lower  palpebral 
apparatus  of  Mustelus  embryo  *  Q.' 

Figs.  9  a  and  b.  Series  through  same  structure  of  embryo  '  K.' 

Fig.  10.  Transverse  section  through  mid-pharyngeal  region  of 
Mustelus  embryo  *  N/  to  show  state  of  musculature.  Shows  position 
of  branchial  muscle  (m.b.),  with  its  portions  superficial  and  deep  to 
the  dorsal  gill  pouch. 

Fig.  11.  Transverse  section  post-spiracular  region,  Mustelus  em- 
bryo '  B,'  showing  musculature.  Dorsal  muscle  (7;i.c2.),  the  maxillo- 
spiracular  muscle  mass  {7n.m,8.)j  and. the  origin  of  the  most  superficial 
spiracular  muscle  tissue  (m.s.s,). 

Fig.  12.  Transverse  section  through  spiracle,  same  embryo,  shows 
separation  of  maxillo-spiracular  muscle  mass  into  M.  levator  maxillae 
(m.mx.),  and  M.  spiraculi  {m,8p,);  also  the  union  of  the  latter  with 
the  M.  spiraculi  superficialis  {m..8,8.). 

Fig.  13.  Transverse  section  through  prse-spiracular  region,  same 
embryo,  shows  continuation  anteriorly  of  part  of  spiracle  muscle  mass, 
as  musculature  of  eyelids  {m,pp,).  It  can  be  seen  to  be  composed  of 
two  strata  of  cells. 

Fig.  14.  Transverse  section  through  posterior  extremity  of  the  orbit^ 
same  embryo.  The  palpebral  muscle  mass  of  the  preceding  section  is 
seen  to  be  divided  into  a  small  dorsal  and  a  larger  ventral  masses 
situated  within  the  palpebral  margin ;  these  can  be  further  traced  to 
the  lids. 

Fig.  15.  View  of  the  orbit  of  Baja  blanda.  The  bulb  is  raised  to 
show  the  cartilago  sustentaculum  oculi  {c,8,)  and  its  three  ligaments, 
anterior  V,  internal  T,  posterior  f ".      x  f . 

Fig.  16.  Coronal  section  through  orbit  of  Galeus  vulgatis,  at  the 
posterior  edge  of  the  optic  foramen  (/.o.),  shows  orbital  sac  and  its  re- 
flections {o.8c.7\).  Tenon's  capsule  {Tx,\  its  sheathing  evagination  to 
M.  rectus  superior  (Tx.s,).  The  M.  rectus  inferior  is  seen  within  the 
capsule  (r.t/.).  The  connection  of  the  cartilago  sustentaculum  oculi 
(c.8.)  with  the  capsule,  and  the  muco-areolar  pad  (m.)  which  separates 
its  bulbous  end  from  the  sclerotic.  The  section  shows  well  the  rela- 
tions of  the  palpebrse  and  membrana  nictitans  to  the  conjunctival 
f  ornices.      x  |. 
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Fig.  17.  Donal  view  of  dusection  of  left  orbit  of  P€tgdlus  eentro- 
dontus,  to  show  ligamentum  tenaculum  oculL      x  |. 

Fig.  18.  Yentrai  view  of  head  of  Zygoma  malleus,  showing  dis- 
section of  eye  muscles.  The  X.  opticus  has  been  pulled  aside  to 
show  the  tendinous  band  (t,h.)  from  which  arise  the  M.  recti      x  \, 

Fig.  19.  Dorsal  view  of  left  orbit  of  Zeus  faber,  to  show  relation  of 
M.  rectus  internum  to  discoid  bulb  to  produce  projection  in  direction 
of  arrow,      x  \, 

Fig.  20.  Dorsal  view  of  right  eye  of  Bhomhus  maximus  with 
moscles  attached ;  the  extension  of  the  recti  into  the  subcranial  canal 
is  not  indicated.  To  show  form  and  position  of  the  special  rotatory 
slip  of  M.  superior  obliquus  (o.s.x.),      x  f . 

Scale  of  fifjures  of  microscopic  sections. 

Scale  1,  figure  7a,  for  figs.  7  a,  6,  8  a,  6,  r,  9  a,  h. 

Scale  2,  figure  10,  for  figs.  Ic  and  10. 

Scale  3,  figure  11,  for  figs.  11,  12,  13,  and  U. 


INDEX  TO  FIGURES. 

€Lc.o.  anlage  of  optic  capsule, 
oo.  aorta. 

h.h,  branchial  bar. 

c,c.  cranial  cavity. 
e,s.  cartilago  sustentaculum  oculi. 
c.s.a,  anlage  of  sustentaculum  oculi. 
r.w.  cranial  wall. 

f.o.  foramen  opticum. 

g,s,  gill  slit. 

ht,  heart. 

L  leus. 
r,  /",  V",  ligamentous  strands  to  cartilago  sustentaculum  oculi, 
anterior',  internal",  and  posterior"'. 
Lt,  ligamentum  tenaculum  oculi. 

9it.  muco-areolar  pad. 

m^h.  branchial  muscle. 

m,d.  dorsal  muscle. 

m.md.  m.  levator  mandibulans. 

m.m.n,  m.  lev.  palpebral  nictitantis. 

m,m.s.  maxillo-spiracular  muscle  mass. 

m,7nx.  m.  lev.  maxillaris. 
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m.p.  muscle  plate. 

m.p\  muscle  plate  ventral  extension. 
m,pp.  palpebral  muscle  mass. 
m,p8.  muscle  mass  to  upper  lid. 
77i.8p,  do  spiracle. 

m.8.8,  superficial  dermal  muscle  to  spiracle. 

m.^  mucous  tube. 

md,  mandible. 
md.e.  mandibular  cartilage. 
rnxx.  maxillary  cartilage. 

N.  II.  N.  opticus. 
N.  III.  N.  oculo-motorius. 
N.  IV.  N.  patheticus. 

N.  V.  N.  trigeminus. 
N.w.  nasal  branch  of  N.  V. 

N.  X.  N,  pneumogastricus. 

o.c,  orbital  cavity. 
o.i,  m.  obliquus  inferior. 
0.8.  m.  obliquus  superior. 
0.8.x.  m.  obliquus  special  rotatory  slip, 
o.sc.  orbital  sac. 
o.s.c.r.  reflection  of  orbital  sac. 
o.w.  membranous  orbital  wall. 
ot.c.  otic  capsule. 

2ha.  anterior  palpebral  margin. 

p.e.  extra  palpebral  fold — *  pseudo-membrana  nictitans.' 
p.f.  palpebml  fornix. 
p.i,  inferior  palpebral  fold. 
p.m.n.  membrana  nictitans. 

p.p.  posterior  palpebral  margin. 
p.r.g.  posterior  root  ganglion. 
p.s.  superior  palpebral  fold. 
ph.  pharynx. 

r.  retina. 

r.e.  m.  rectus  externus. 

r.if.  m.  rectus  inferior. 

r.it.  m.  rectus  intemus. 

r.8.  m.  rectus  superior. 

sp.  spiracle. 

t.h.  tendinous  band  giving  origin  to  m.  recti  of  ZygsBna, 
T.c.  capsule  of  Tenon. 
T.C.S.  muscular  sheath  derived  from  capsule  of  Tenon. 

V.  vitreous 


THE  JOINTS  OF  MAMMAKS  COMPARED  WITH  THOSE 
OF  MAN:  A  GouBSE  of  Lkcturies  deuyihbd  at  thb 
BoTAL  College  of  Subgbons  of  England.  B7  F.  G. 
Pabsons,  F.RC.S.,  EurUerian  Professor, 

Hr  President  and  GENTLBBiSN, — ^Aa  I  have  the  advantage  of 
addressing  an  audience  which  is  ahready  thoroughly  familiar 
with  the  anatomy  of  one  mammal,  Man,  I  propose  to  commence 
the  description  of  each  joint  at  the  Primates,  the  order  to 
wiiich  man  belongs,  and  to  work  from  these  through  the  mamma- 
Ban  class  to  the  Monotremata.  In  doing  so  I  hope  to  lead 
jou  gradually  from  that  which  is  better  to  that  which  is  less 
well  known. 

The  Tbmporo-Maxillary  Joint. 

It  is  unnecessary  for  me  to  review  the  chief  characteristics  of 
tiiis  joint  in  man ;  they  will  be  drawn  attention  to  when  they 
OQDtrast  or  agree  with  those  of  other  animals. 

In  the  monkeys,  a  flattening  of  the  glenoid  cavity  caused  by 
the  more  feeble  development  of  the  eminentia  articularis  is 
noticed,  but  while   this  boundary  in  front  is  diminished,  the 


Fig.  1. — ^Anteto-posterior  Mction  through  temporo-maziUary  joint  of 
Spider  Monkey  (Ateles).    a,  poet-glenoid  process ;  0,  condyle. 

hinder  one  or  post^lenoid  process,  which  as  a  nile  is  feebly 
developed  in  man,  is  much  enlarged,  and  an  examination  of  the 
skull  of  almost  any  catarrhine  monkey  will  show  that  this 
process  is  prominent  only  at  the  outer  part  of  the  back  of  the 
articulation.  In  the  platyrhine  monkeys  and  lemurs  the  process 
ia  behind  the  centre  instead  of  the  outer  part  of  the  condyle,  and 
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this  change  in  the  position  of  the  post-glenoid  process  is  coin- 
cident with  a  change  in  the  direction  of  the  long  axis  of  the 
condyle.  A  comparison  of  the  condyles  of  the  mandible  of  a 
catarrhine  monkey  and  a  lemur  will  show  that  in  the  former 
the  long  axis  is  directed  inwards  and  backwards  as  in  man, 
while  in  the  latter  the  long  axis  is  quite  transverse,  and  it  has 
occurred  to  me  that  the  lateral  position  of  the  post-glenoid  process 
in  the  Catarrhini  may  have  caused  the  obliquity  of  the  condyle 
by  stopping  the  outer  part  from  moving  backward  while  the 
inner  part  was  still  free  to  do  so. 

The  meniscus  of  the  Catarrhini  naturally  differs  somewhat  in 
shape  from  that  of  man,  to  adapt  itself  to  the  flatter  glenoid 
cavity.  Posteriorly  it  is  attached  to  the  front  of  the  post-glenoid 
process,  while  in  front  it  is  connected  with  the  anterior  ligament 
of  the  capsule,  which,  when  the  jaw  is  retracted,  lies  horizon- 
tally aud  in  contact  with  the  anterior  part  of  the  glenoid  cavity. 
The  external  part  of  the  capsule  in  monkeys  has  the  same 
backward  and  downward  direction  of  its  fibres  as  in  man,  but 
the  fimction  of  them  is  different.  In  man,  when  thQ  jaw  is 
opened,  the  external  lateral  ligament  is  put  upon  the  stretch, 
and  I  believe  assists  in  the  movement  of  the  jaw  forwards.  In 
the  monkey  the  condyle  also  moves  forwards  when  the  mouth 
is  opened,  but  the  external  lateral  ligament  becomes  less  tense. 
It  is  quite  certain  that  in  either  animal  the  forward  movement 
of  the  condyle  occurs  in  the  cadaver  when  the  mouth  is  opened, 
and  is  in  no  way  necessarily  dependent  on  the  action  of  the 
external  pterygoid  muscle.  I  am  at  present  engaged  in  some 
researches  into  the  mechanism  of  this  forward  movement,  and 
must  defer  a  discussion  on  it  to  a  later  date. 

In  the  Platyrhini,  the  jaw  joint  differs  little  from  that  of  the 
Catarrhini,  except  that  the  eminentia  articularis  is  less  well 
marked.  In  the  Lemuroidea  it  has  completely  disappeared,  but 
the  post-glenoid  process  is  well  marked.  The  glenoid  articular 
surface  stretches  forward  for  a  great  distance,  but  its  transverse 
diameter  is  less  anteriorly  than  posteriorly.  The  meniscus  is 
flat  above,  concave  below,  and  in  my  specimen  was  attached  to 
the  summit  of  the  condyle  by  a  delicate  transverse  fold  of 
synovial  membrane,  which,  however,  was  only  present  in  the 
outer  half  of  the  joint. 
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In  the  fruit  bat  (Pteropus),  which  I  examined  as  a  type  of 
the  Cheiroptera,  there  is  a  very  strong  posterior  ligament,  but 
the  external  lateral  is  not  particularly  strong,  and  its  fibres  are 
vertical.  On  opening  the  joint  it  is  seen  that  the  temporal 
surface  is  quite  flat;  there  is  no  post-glenoid  process  nor 
eminentia  articularis.  The .  condyle,  on  the  other  hand,  is 
convex  from  before  back,  and  elongated  laterally  as  in  man, 
consequently  the  meniscus  is  deeply  concave  below  and  flat 


Fio.  2. — Antero-posterior  section  through  temporo^nuudUaiy  joint 

of  Fruit  Bat  (Pteropas). 

above.  The  long  axis  of  the  condyle  is  quite  transverse,  as  in 
the  lemur.  In  the  bat  very  little  forward  or  backward  move- 
ment of  the  condyle  is  allowed,  and,  as  far  as  I  can  see,  these 
movements  are  prevented  solely  by  the  very  strong  posterior 
ligament. 

In  the  hedgehog  (Erinaceus),  an  example  of  the  Insectivora,  the 
temporo-maxillary  articulation  closely  resembles  that  of  the 
bat;  there  is  neither  eminentia  articularis  nor  post-glenoid 
process,  but  the  condyle  is  not  so  convex  antero-posteriorly, 
although  it  is  transversely  elongated. 

In  the  Gamivora,  as  is  well  known,  the  joint  is  almost  a 
perfect  hinge  ;  the  transverse  cylinder  of  the  condyle  jb  received 
into  a  glenoid  cavity  which  fits  it  exactly,  and  consequently  the 
meniscus  is  very  thin.  The  cavity  is  bounded  by  the  post- 
glenoid  process  behind,  which  is  best  marked  internally,  and 
the  eminentia  articularis  or  pre-glenoid  process  in  front,  which 
iB  most  prominent  externally.  In  the  badger  these  two  pro- 
cesses project  so  much  that  it  is  impossible  to  disarticulate  the 
lower  jaw  without  dividing  it  at  the  symphysis  and  drawing 
the  two  halves  out  sideways.  In  this  animal,  and  indeed  in 
most  of  the  Gamivora,  it  would  be  impossible  to  open  the 
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mouth  were  it  not  that  the  most  prominent  part  of  the  post- 
glenoid  process  is  quite  at  the  inner  part  of  the  joint,  and  so 
clears  the  neck  of  the  condyle.  The  pre-glenoid  process,  the 
homologue  of  the  eminentia  articularis  of  man,  is  very  differ- 
ently developed  in  different  carnivores;  it  is  especially  well 
marked  in  the  badger,  otter,  and  glutton,  but  is  hardly  present 
in  the  paradoxure,  skunk,  ichneumon,  bear,  or  fox.  It  is  usually 
much  larger  in  the  Felidae  than  in  the  Cauidse. 

In  the  ruminant  ungulates  the  condyle  is  almost  perfectly 
flat,  but  it  has  a  larger  transverse  than  antero-posterior  diameter. 
In  these  animals  all  the  mechanical  arrangements  of  the  joint 
are  subsidiary  to  the  grinding  movements  of  the  back  teeth ; 
hence  the  flatness  of  the  condyle,  which  is  separated  from  the 
flat  glenoid  cavity  by  a  thin,  flat  meniscus.  The  capsule  of  the 
joint  is  very  lax,  and,  as  might  be  expected,  there  is  a  much 
larger  joint  surface  between  the  glenoid  cavity  and  the  meniscus 
than  between  the  latter  and  the  condyle.  There  is  no  eminentia 
articularis,  but  the  post-glenoid  process  is  always  present.  Tlie 
pig  differs  from  the  ruminants  in  that  the  post-glenoid  process  is 
only  present  at  the  inner  part  of  the  back  of  the  joint.  The 
glenoid  cavity  is  more  concave  from  before  back,  and  the  con- 
dyle is  more  transversely  elongated  and  convex  antero-pos- 
teriorly.  In  the  horse  the  glenoid  cavity  is  c(mcave  from  side 
to  side,  and  convexo-concave  from  before  back,  as  in  man.  The 
meniscus  is  concavo-convex  antero-posteriorly  above  and  rather 
deeply  concave  below,  while  the  post-glenoid  process  is  well 
marked.  In  many  ways  the  temporo-maxillary  joint  of  the 
horse  is  much  more  like  that  of  the  Primates  than  that  of  the 
Kuminants,  such  as  the  ox,  deer,  and  sheep. 

In  the  Sirenia,  the  order  comprising  the  dugongs  and 
manatees,  I  have  never  had  a  chance  of  dissecting  the  joint, 
but  in  the  dried  skull  the  glenoid  cavity  is  flat,  and  of  very 
moderate  extent.  The  condyle  is  transversely  elongated,  and 
somewhat  convex  from  before  back.  It  does  not  at  all  corre- 
spond with  the  shape  of  the  glenoid  cavity,  and  it  is  reasonable 
to  expect  that  the  meniscus  is  well  developed. 

In  the  Bodentia,  the  temporo-maxillary  articulation  is  quite 
characteristic ;  perhaps  the  capybara,  agouti,  or  viscacha  show 
the  joint  surfaces  in  their  best  development.      The  glenoid 
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cayity  is  an  antero-posterior  gutter  instead  of  a  transverse  one 
as  in  the  Carnivora;  it  is  deeply  concave  from  side  to  side,  and  the 
top  slopes  somewhat  downward  and  forward.  There  is  abso- 
lately  no  pre-  or  post-glenoid  process  to  check  the  condyle  in  its 
forward  or  backward  movement.  The  condyle  in  the  dried 
skull  seems  to  fit  this  groove  very  imperfectly.     Its  long  axis 

A.  B.  C. 

Fig.  3. — Coronal  sections  throng  the  temporo-maxillary  joints 
of  A.  A,  rodent ;  B,  annsdillo ;  G,  Ornithorhynohiu.  a, 
condyle ;  0,  meniscaa. 

is  antero-posterior,  and  it  is  convex  from  side  to  side.  When  it 
is  placed  in  the  glenoid  cavity  there  is  a  considerable  gap  on 
each  side  of  it.  This  is  filled  np  by  the  meniscus,  which  is 
elosely  attached  to  the  condyle,  but  quite  loosely  to  the  skull,  so 
18  to  allow  free  antero-posterior  gliding  movement.  The  an* 
terior  and  posterior  parts  of  the  capsule,  although  allowing  free 
play  for  this  movement,  are  quite  strong  enough  to  check  it 
when  it  has  gone  far  enough.  The  rabbit  is  a  singularly  bad 
example  of  a  rodent  as  far  as  its  jaw  joint  goes.  In  it  the 
glenoid  cavity  is  extremely  shortened  from  before  back,  and  the 
forward  and  backward  play  of  the  condyle  is  much  less  than  in 
the  more  typical  animals.  The  jerboa  is  another  rodent  in 
which  the  forward  and  backward  play  of  the  mandible  is  poorly 
inarked.  In  both  of  these  animals  the  incisors  are  not  very 
strong,  and  probably  have  not  the  same  part  to  play  as  in  the 
beaver,  squirrel,  or  agouti. 

The  Edentata,  as  far  as  their  temporo-maxillary  joint  is  con- 
cerned, may  be  divided  into  the  anteaters  and  the  toothed 
forms.  In  the  pangolin  (Manis),  which  is  an  anteater,  and 
only  opens  its  mouth  wide  enough  to  allow  its  slender  tongue 
to  be  protruded,  there  can  hardly  be  said  to  be  any  condyle  or 
ascendii^  ramus  to  the  mandible,  but  there  is  a  meniscus  which 
is  closely  attached  to  the  jaw,  and  which  allows  free  lateral  and 
considerable  antero-posterior  movement  between  itself  and  the 
glenoid  cavity. 
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In  the  armadillo  (Dasypus),  the  glenoid  cavity  resembles  that 
of  the  rodents  in  forming  an  antero-posterior  groove  (see  fig. 
3,  B.),  but  in  the  roof  of  this  groove  an  antero-posterior  ridge 
is  present  which  fits  into  a  depression  on  the  top  of  the  condyle.^ 
It  is  remarkable  that  in  the  three  specimens  of  armadillo  which 
I  have  had  the  chance  of  examining  the  meniscus  was  absent  in 
every  case. 

The  Marsupialia  present  the  most  varied  forms  of  temporo- 
maxillary  articulation.  The  kangaroos,  in  the  first  place,  have 
an  almost  typical  ruminant  glenoid  cavity  and  condyle,  the 
chief  difference  between  the  glenoid  cavity  of  the  kangaroo  and 
the  sheep  being  that  that  of  the  former  is  in  proportion  longer 
antero-poeteriorly  than  is  that  of  the  latter. 

This  is  one  instance  of  many  of  the  adaptability  of  joints  to 
the  habits  of  their  possessors,  an  adaptability  much  more 
marked  than  is  the  case  with  muscles.  The  phalangers  have  an 
articulation  intermediate  between  the  ruminant  and  carnivorous 
types,  the  condyle  is  eloi^ated  from  side  to  side,  and  convex 
from  before  back,  while  the  glenoid  cavity  is  concave  in  its 
posterior  part,  but  anteriorly  is  prolonged  as  a  flat  gliding 
surface.  This  type  of  jaw  is  adapted  to  the  food  of  the 
phalanger,  which  consists  of  leaves  and  birds.  The  bandicoot's 
and  opossum's  jaws  closely  agree  with  the  last,  aud  the 
meniscus  is  slight.  The  wombat  (Phascolomys)  has  teeth  like 
a  rodent's,  but  its  jaw  does  not  at  all  resemble  the  rodent 
type;  it  does,  however,  somewhat  remind  one  of  the  same 
structure  in  the  rabbit.  The  condyle  is  very  much  elongated 
transversely,  but  is  short  and  convex  from  before  backward ;  it 
is  also  somewhat  convex  from  side  to  side.  It  articulates  with 
a  glenoid  cavity,  which  is  an  antero-posteriorly  compressed  bar, 
also  convex  from  before  backward,  but  somewhat  concave  from 
side  to  side.  It  must  require  a  well  marked  biconcave  meniscus 
and  very  strong  ligaments  to  adapt  these  two  dissimilar  joint 
surfaces  to  one  another,  but  I  have  not  had  an  opportunity  of 
dissecting  the  soft  parts  of  this  animal. 

The  carnivorous  Tasmanian  devil  {Dasywus  ursimts)  has  a 
typical  carnivorous  jaw  articulation  resembling  that  of  the  fox 

^  I  saw  this  ridge  in  two  specimeus  of  Dasypus  villosus^  but  it  was  not  present 
in  one  of  D,  sexcindus. 
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or  dog^ia  the  absence  of  a  pre-glenoid  process.    In  the  specimen 
which  I  dissected  there  was  no  trace  of  a  meniscua 

In  the  Monotremata,  the  Echidna's  jaw  resembles  that  of  the 
pangolin  in  the  absence  of  any  definite  condyle,  bnt  the  memscns 
is  absent  In  the  Omithorhynchns  the  condyle  is  markedly 
oonTei:  from  side  to  side,  and  somewhat  convex  from  before 
back.  The  two  halves  of  the  jaw  are  not  united  at  the 
STmphysis,  and  the  chief  movement  which  the  animal  seems  to 
perform  ia  a  rotation  romid  an  antero-posterior  axis  passing 
through  the  neck  of  each  condyle ;  the  result  of  this  is  that  the 
margins  and  the  more  central  parts  of  the  homy  bill  are 
alternately  pressed  together  by  the  masseter  and  pterygoid 
muscles,  and  the  animal  is  enabled  to  bruise  and  press  the 
water  weeds  on  which  it  lives. 

It  was  not  to  be  hoped  that  the  study  of  the  temporo-maxillary 

articiilation  in  the  Mammalia  would  give  much  information 

about  the  morphological  significance  of  the  inteisarticular  fibro- 

cartilage,  and  the  only  facts  which  my  dissections  have  taught 

me  are  that  the  meniscus  is  a  very  constant  structure  in  the 

Mammalia,  but  that  it  may  be  suppressed  or  undeveloped  in 

eertain  animals.    The  four  animals  in  which  I  have  noted  its 

absence  are  Dasypus,  Dasyurus,  Omithorhynchns,  and  Echidna. 

The  two  former  I  suspect  are  cases  in  which  the  stmcture  has 

been  suppressed,  because  they  are  the  only  genera  in  their 

respective  orders  in  which  absence  of  the  meniscus  has  been 

noticed,  but  in  the  case  of  the  Monotremata  there  is  no  sign  of 

any  meniscus  in  either  animal ;  and  although  it  may  be  objected 

that  Echidna  is  an  animal  whose  jaws  are  very  mdimentary,  it 

will  be  found  that  they  are  not  so  rudimentary  as  those  of 

Manis,  in  whom  a  distinct  meniscus  is  present.    Besides  consider- 

iDg  the  question  whether  the  temporo-maxillary  meniscus  is  the 

homolc^e  of  the   quadrate  or  quadrato-jugal,  or  any  other 

reptilian  structure,  it  is  necessary  to  think  whether  it  may  not 

be  a  new  development  adapted  to  the  requirements  of   the 

higher  mammals,  and  formed  from  the  tissues  surrounding  the 

joint,  in  the  same  way  that  the  semilunar  cartilages  of  the  knee 

and  other  interarticular  stmctures  are.    The  small  amount  of 

evidence  which  I  have  been  able  to  extract  from  the  Mammalia 

seema  to  favour  this  view,  because  if  the  meniscus  represents 
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some  reptiliau  structure,  the  Monotremata  are  the  aiiimalfl  in 
which  we  should  expect  to  find  some  transition,  whereas  these 
are  just  the  animals  in  which  no  trace  of  a  meniscus  is  found. 

The  Abticclations  of  the  Clavicle. 

The  presence  of  the  clavicle,  as  is  well  known,  is  very  variable, 
and  when  it  is  present  it  is  so  feebly  developed  in  some  cases  as 
not  to  reach  the  sternum  on  the  one  hand  or  the  scapula  on  the 
other.  All  the  Primates  have  well  developed  clavicles,  which 
differ  very  little  in  their  articulations  from  those  of  man. 
Perhaps  the  chief  point  which  strikes  one  in  examining  the 
stemo-clavicular  articulation  of  the  lower  Primates  is  the  fact  that 
the  sternal  articular  facet  is  much  more  dorsal  than  in  man,  and 
its  direction  is,  taking  the  animal  as  being  in  the  upright  position, 
upward,  outward,  and  backward.  Keith  describes  the  meniscus 
as  being  replaced  in  the  cynomorphous  monkeys  by  a  fibrous 
ligament,  which  allows  the  two  articular  cavities  to  communi- 
cate. In  the  three  specimens  of  Macacus  and  one  each  of 
Cynoeephalus  sphinx  and  CercopUhecus  Udandii  which  I  have 
examined,  the  meniscus  in  all  respects  resembled  that  of  man. 

In  the  spider  monkey  {Aides  paniscus),  I  only  found  one 
articular  surface,  and  that  was  chiefly  between  the  clavicle  and 
first  rib.  In  the  lemur  the  interarticular  cartilage  is  well 
developed  and  the  synovial  cavities  as  in  man. 

In  the  lower  Primates  it  is  only  possible  to  make  out  one 
coracQK^lavicular  ligament,  but  whether  this  represents  the 
conoid,  trapezoid,  or  both,  I  do  not  know.  In  the  acromio- 
clavicular articulation  of  Macacus  the  acromial  surface  is 
slightly  though  distinctly  convex  from  side  to  side,  while  the 
clavicular  surface  is  flat,  the  capsule  dips  in  from  above  and 
forms  a  very  slight  attempt  at  an  intra-articular  fibro-cartilage. 
In  Ateles  aud  Lemur  no  trace  of  this  is  present.  Among  the 
Cheiroptera,  Pteropus  and  Plecotus  have  little  movement  at  the 
stemo-clavicular  joint.  The  joint  surface  is  almost  horizontal 
and  the  clavicle  runs  upward  and  slightly  outward  from  it 
The  chief  movement  is  one  of  rotation  of  the  long  axis  of  the 
clavicle,  combined  with  slight  elevation  and  depression.  There 
is  no  inter-articulw  fibro-cartilage  or  intra-clavicular  ligament 
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bat  the  rhomboid  ligament  is  very  strong.  In  the  acromio- 
clavicular  articulation  there  is  no  sign  of  any  intra-articular 
structnra 

All  the  Insectivora  except  one  have  well  developed  clavicles, 
bat  my  own  knowledge  of  their  joints  rests  on  a  dissection  of 
the  mole,  the  hedgehog,  and  the  shrew.  At  the  sternal  end  of 
the  clavicle  of  the  hedgehog  there  is  a  short  rod  of  cartilage 


Fio.  4. — Stemo-clayicnlar  articnlationB  of  Fruit  Bat  (Pteropus). 

a,  rhomboid  ligament. 

which  articulates  with  the  antero-dorsal  part  of  the  sternum  by 
a  synovial  cavity.  The  capsule  which  keeps  the  two  joint 
surfaces  together  iB  lax,  but  the  ventral  portion  of  it  is 
especially  strbng. 

Id  the  mole,  there  is  a  long  autei^p-posterior  (ventro-dorsal) 
sarface  on  the  sternum  with  which  the  clavicle  articulates. 
There  is  no  meniscus,  and  the  upper  (cephalic)  portion  of  the 
capsule  is  very  strong.  A  well  marked  acromio-clavicular 
ligament  connects  these  two  parts,  but  the  distal  end  of  the 
short  clavicle  articulates  with  a  large  facet  on  the  great 
taberosity  of  the  humerus. 

lu  the  shrew,  the  arrangement  is  practically  identical  with 
that  of  the  hedgehog. 

The  articulations  of   the  Carnivora,  Cetacea,  Sirenia,  and 
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Ungulata  need  not  detain  us,  since  in  these  animals  the  clavicle, 
even  if  it  is  present,  is  a  mere  spicule  of  bone. 

In  the  Sodentia,  the  clavicle  is  generally  cartilaginous  at 
both  ends,  and  in  the  cartilaginous  rod  between  the  bony 
clavicle  and  the  sternum  an  ossific  nodule  occurs  in  adult 
aaimals.  I  have  examined  several  rats  and  voles  of  different 
ages,  but  have  been  unable  to  discover  any  extra  ossific  nodule 
which  would  correspond  to  the  sternal  epiphysis  of  the  clavicle 
of  the  Primates.  In  many  genera,  such  as  the  squirrels, 
lemming,  jerboas,  and  the  Cape  jumping  hare  (Pedetes),  the 
clavicle  is  very  well  developed,  and  is  attached  to  the  side  of 
the  manubrium  by  fibro-cartilage,  in  which  sometimes  a  joint 
cavity  is  found.  The  acromio-clavicular  joint  I  have  never 
seen  in  Bodents ;  the  clavicle  has  always  been  connected  with 
the  acromion  by  cartilage  or  fibrous  tissue.  The  coraco- 
clavicular  ligament  is  present  when  the  clavicle  is  at  all  well 
developed,  and  is  attached  to  the  dorsal  border  of  the  clavicle. 

In  the  Edentata,  the  Aardvark  (Orycteropus)  and  the 
armadillo  have  well  developed  clavicles;  in  the  latter  the 
sternal  end  articulates  with  the  dorsal  surface  of  the  manu- 
brium by  a  short  rod  of  cartilage  without  synovial  cavities. 

The  acromion  is  very  long,  and  articulates  with  the  clavicle 
by  a  synovial  joint.  At  the  acromial  extremity  of  the  clavicle 
there  is  a  very  long  coraco-clavicular  ligament.  The  rudi- 
mentary clavicle  of  the  three-toed  sloth,  as  Lydekker  has 
pointed  out,  is  attached  to  the  coracoid  instead  of  the  acromion 
process,  and  this  arrangement  is  doubtless  an  enlarged  coraco- 
clavicular  ligament,  akin  to  that  of  the  armadillo,  combined 
with  a  suppression  of  the  acromio-clavicular  communications. 
It  is  interesting  to  notice  that  the  two-toed  sloth  (Choloepus) 
has  a  perfectly  normal  clavicle  connected  with  the  acromion. 

Among  the  Marsupialia,  the  bandicoot  (Perameles)  is  the  only 
form  in  which  the  clavicle  is  not  developed.  In  the  Tasmaniau 
devil  (Dasyurus)  the  sternal  end  is  cartilaginous,  and  is  connected 
with  the  sternum  by  fibrous  tissue,  as  in  many  rodents.  This 
is  also  the  case  in  the  pigmy  flying  phalanger  (Acrohates 
jpygmea\  but  in  the  vulpine  phalanger  there  is  a  distinct  joint 
cavity  between  this  cartilage  and  the  sternum  at  one  end,  and 
the  clavicle  at  the  other.     At  the  acromial  end  of  the  clavicle 
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is  a  joint  cavity  without  any  intra-€urticular  structures.  In  the 
Monotremata  the  clavicle  is  firmly  fixed  on  to  the  inter-clavicle, 
but  there  is  a  joint  cavity  between  it  and  the  acromion  process, 
which  is  unprovided  with  any  intra-articular  structure,  and 
allows  only  slight  gliding  movement. 

With  regard  to  the  morphology  of  the  inter-articular  meniscus, 
the  general  opinion  is  that  it  represents  the  so-called  omostemal 
or  suprasternal  ossifications,  which  Gadow  looks  upon  as  the 
remains  of  the  ventral  ends  of  one  or  more  cervical  ribs.  It  is 
perfectly  true  that  in  animals  such  as  the  shrew  and  the 
Monotremes,  the  omostemum,  suprasternum,  or  inter-clavicle, 
which,  I  believe,  are  identical  structures,  occupy  the  position 
which  the  inter-articular  menisci  do  in  the  Primates,  and  it 
seems  almost  querulous  not  to  be  satisfied  with  an  explanation 
which  has  so  much  in  its  favour ;  still,  it  must  be  borne  in  mind 
that  inter-articular  cartilages,  as  such,  only  occur  in  the  Primates, 
aod  if  Keith  is  right,  only  in  the  higher  Primates.  It  may  be 
that  all  inter-articular  menisci  are  formed  in  some  mechanical 
manner,  of  which  we  know  nothing  at  present,  from  the  struc- 
tares  surrounding  the  joint.  As  I  go  on,  I  shall  try  to  show 
that  a  combination  of  rotation  with  gliding  or  hinge  movements 
often  is  coincident  with  the  formation  of  menisci,  and  I  would 
specially  call  attention  to  the  knee  of  the  fruit  bat  and  the 
fibdo-astragalar  joint  of  many  marsupials  as  cases  in  point 
One  must  not  attempt  to  dogmatise  from  the  study  of 
mammals  alone,  but  I  think  that  the  possibility  of  all  menisci 
having  a  similar  physiological  origin  from  extra-capsular  struc- 
tures is  worth  bearing  in  mind. 

Ths  Shouldkk. 

In  the  human  shoulder  joint  it  is  usual  to  teach  that  the  lax 
capsule  is  reinforced  by  the  coraco-humeral  ligament,  and  it  is 
su^ested  that  this  represents  the  continuation  of  the  tendon  of 
the  pectoralis  minor.*      Three   gleno-humeral  folds  are  also 

^  Roaenfeld,  in  a  paper  on  the  Ligaments  of  the  Shonlder  Joint  in  Man  and 
Mammals  {AtuU.  He/U,  xL,  1898,  p.  841),  agrees  with  a  good  many  of  my 
obterrations,  though  in  some  points  we  differ  materially.  The  time  at  my 
diipossl  only  allows  me  to  refer  to  his  paper. 
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described  in  the  front  of  the  joist,  tboagb  their  exact  attach- 
meats  vaiy  in  difiereitt  acconcts.  According  to  QuaiD'a 
description,  the  upper  one  mos  horizontally  in  front  of  the 
tendou  of  the  biceps,  which,  encased  in  synovial  memhraBe,  lies 
free  in  the  joint  cavity.  The  second  cornea  from  the  top  of  the 
glenoid  cavity  with  the  last,  but  runs  obliquely  downward  and 
outward  to  the  iuner  side  of  the  small  tuberosity.  The  -piferior 
runs  from  the  notch  in  the  middle  of  the  anterior  border  of  the 


Fio.  E.— ShoaJder  joint  of  Man,  op«D«d  from  bahiod.     From  Quain'a  Anatomy. 

glenoid  cavity  to  the  lower,  part  of  the  neck  of  the  humerus. 
The  highest  of  these  is  supposed  to  represent  the  ligamentum 
teres  of  the  hip  joint  by  some. 

In  dissecting  the  shoulder  joint  of  oatarrhine  monkeya 
(Macacus,  Cercopithecus,  and  Cynocepbalus),  I  noticed  that 
although  the  pectoralis  minor  passed  over  the  coracoid  process 
and  was  inserted  into  the  capsule  of  the  shoulder,  a  fairly  well 
marked  coraco-humeral  ligament  was  also  present,  and  quite 
distinct  from  it.  From  this  I  am  led  to  believe  that  the  coraco? 
humeral  ligament  of  man  may  be  reinforced  by  the  distal 
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fibres  of  the  pector&lis  mioor,  bat  that  it  ia  not  entirely 
lepieeentatiTe  of  them.  It  eeetns  quite  logical  to  assume  that 
in  Bniniala  in  which  the  fore-limbs  have  been  converted  from 
o^ans  of  support  into  thoee  of  occasional  traction,  the  connec- 
^ve  tisanes  above  the  joint  would  become  thickened  and 
stret^thened  quite  independently  of  any  muscle. 

I  have  never  yet  seen  any  animal,  except  man,  iu  which  the 
tendon  of  the  biceps  is  free  in  the  shoulder  joint ;  it  is  always 
connected  to  the  capsule  by  a  reflection  of  synovial  membrane 
from  its  anterior  margin.  -Again,  as  Bland  Sutton  points  out, 
one,  and  only  one,  gleno-bumeral  ligament  is  seen ;  he  figures 
it  in  the  beaver  with  accuracy,  and  gives  a  list  of  rodents  in 
which  it  is  equally  well  developed.  I  have  also  observed  the 
ligament  in  a  large  number  of  rodents,  and  can  bear  testimony 
to  (be  truth  of  his  assertions  as  far  as  these  animals  go,  but  in 
dn  list  of  other  mammals,  in  which  he  declares  that  the 
ligament "  was  as  well  developed  as  represented  on  p.  58,"*  I 
can  only  agree  with  him  to  a  slight  extent     As  discrepancies 


lis,  S. — Shinldsr  of  Uiomqaa  U<»ike;,  opeoed  from  baliisd. 
a,  tnoBpa  teodon  ;  $,  bum  nnder  snbseapuUrU ;  c,  gleno- 
IrnuMi*!  ligunect 

in  Uie  desoiption  of  anatomical  structures  may  occur  without 
other  observer  being  necessarily  in  error,  I  shall  content 
myself  with  describing  my  own  observations,  and  will  leave 
fatoie  investigations  to  decide  those  points  on  which  we  differ. 
In  the  Primates,  I  examined  three  macaques — a  vervet,  a  colob, 
and  a  baboon< — as  examples  of  the  old  world  monkeys.  In  all  of 
'  OittlnStUurenfLi^ntentt. 
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these,  as  Keith  points  out,^  the  biceps  was  not  free  in  the  joint' 
cavity,  and  the  gleno-humeral  ligament  was  represented  by  a 
delicate  fold  of  synovial  membrane,  which  ran  downward  and 
outward  from  the  top  of  the  glenoid  cavity  where  the  biceps 
arose,  and  was  lost  in  the  lower  part  of  the  capsule.  This  fold 
was  below  the  pouch  of  synovial  membrane  which  projects  from 
the  front  of  the  joint  between  it  and  the  subscapularis  tendon, 
and,  I  have  no  doubt,  corresponds  to  the  middle  gleno-humeral 
ligament  of  the  human  anatomy  text-books.  Bland  Sutton 
states  that  in  the  gorilla,  orang,  and  chimpanzee  the  gleno- 
humeral  ligament  is  absent,  but  I  am  able  to  show  a  specimen 
of  the  orang's  shoulder,  from  the  museum  of  this  College,  in 
which  the  ligament  is  very  fairly  developed.    In  no  member  of 

A.  B. 


\ 


Fio.  7. — DUgrammatic  sections  through  shoulder  joint  of  A,  Mmn  * 
B,  typical  Mammal,  a,  superior  gleno-humeral  ligament; 
a ,  reflections  of  synovial  membrane  on  to  biceps ;  0  ^, 
section  of  biceps ;  e  c',  pouch  under  subscapularis ;  d  cT, 
middle  gleno-humeral  ligament;  «,  inferior  gleno-humeral 
ligament. 

the  Primates  but  man,  nor  indeed  in  any  other  mammal,  is  there 
a  superior  gleno-humeral  ligament ;  and  when  one  remembers 
that  in  man  alone  the  biceps  tendon  is  free  in  the  joint;  one  is 
forced  to  the  conclusion  that  the  superior  gleno-humeral  liga- 
ment of  man  is  the  remains  of  the  mesentery-like  reflection  of 
synovial  membrane  which  in  all  other  mammals  is  attached  to 
the  front  (ventral  border)  of  the  biceps.  It  has  been  said  that 
this  superior  gleno-humeral  ligament  of  man  is  the  representative 
of  the  ligamentum  teres  in  the  hip.  To  my  mind  the  explana- 
tion I  have  just  proposed  is  more  reasonable ;  and  it  seems  a 
remarkable  thing  that  in  man  alone  of  the  Mammalia  the 

*  Journ.  o/Anat.,  vol.  xxviii  p.  168. 
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serial  homologne  of  the  ligamentum  teres  should  be  present. 
In  the  epider  monkey  (Aides  paniscus)  the  gleno-humeral  fold 
is  less  developed  than  in  the  Catarrhini,  and  only  forms  the 
valTnIar  free  lower  edge  of  the  pouch  under  the  subecapularis. 
In  the  lemur  the  gleno-humeral  ligament  is  about  as  well  de< 
veloped  as  in  the  macaque  monkey,  but  it  does  not  form  the 
lower  limit  of  the  pouch  of  synovial  membrane,  which  lies  not 
only  deep  to,  but  also  over  the  top  of,  the  subscapularis  tendon. 
Id  the  fruit  and  insectivorous  bats  (Pteropus  and  Plecotus) 
unoDg  the  Cheiroptera,  the  biceps  tendon  is  entirely  outside  the 
capsule  of  the  joint.  The  glefio-hnmeral  ligament  is  moderately 
distinct,  and  rune  from  the  top  of  the  joint  to  the  lower  part  of 
the  lesser  tuberosity.     In  the  Insectivora,  the  hedgeh<^  shows  a 


PiD.  8 Shoulder  of  Hedgehog  (Erioaceiw),  open«d  from  behind. 

a,   bicepa  tendon  ;   0,  pouch  under  subacapolaris ;  c,  glani>- 
hnmeral  ligament. 

fairly  well  marked  gleno-humeral  ligament  with  the  usual 
attacbmentB,  but  instead  of  being  a  mere  infolding  of  the 
Bynovial  membrane,  as  in  the  animals  hitherto  described,  it 
itretches  across  the  mouth  of  the  aubscapularis  pouch,  and  ihus 
in  its  upper  part  is  free  in  the  joint.  In  the  mole,  I  was  un- 
able to  detect  any  gleno-humeral  ligament  at  all.  In  the 
Oanivora,  there  may  or  may  not  be  a  gleno-humeral  ligament ; 
vhea  it  ia  present  it  is  feebly  developed,  and  is  only  marked  in 
the  upper  part  of  ite  extent.  I  found  it  in  the  hyena,  dog, 
ichneumon,  and  ott«r,  hut  failed  to  find  any  trace  in  the  black 
bear. 

In  the  Ungnlata,  the  ligament  waa  fairly  well  marked  in  the 
deer  and  antelope  (Carisous  and  Tragelaphus),  it  was  attached 
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to  the  upper  margin  of  the  glenoid  cavity  dorsal  to  the  origin  of 
the  biceps,  passed  across  the  mouth  of  the  opening  into  the 
Bubscapularis  pouch,  and  below  faded  away  into  the  capsule. 
In  the  goat  it  was  less  well  developed,  and  in  the  chevrotain 
(Tragulus)  absent  altogether.  In  Hyrax  there  was  a  very  large 
opening  into  the  subscapularis  pouch,  the  lower  margin  of  which 
is  horizontal,  prominent,  and  fringed.  I  do  not,  however,  think 
that  it  represents  a  gleno-humeral  ligament.  In  the  elephant 
the  ligament  is  absent 

Of  the  shoulder  joint  of  the  Sirenia  and  Cetacea,  I  have  no 
knowledge. 

In  the  Bodentia,  the  gleno-humeral  ligament  reaches  its 
maximum  development;  it  is  perhaps  seen  at  its  best  in 
members  of  the  hystricomorphine  sub-order.  Looked  at  in 
such  animals  as  the  viscacha,  capybara,  or  agouti,  it  will  be  seen 
as  a  broad,  strap-like  ligament  attached  above  to  the  margin  of 
the  glenoid  cavity  on  the  dorsal  side  of  the  origin  of  the  biceps, 
and  below  to  the  lower  part  of  the  lesser  tuberosity  of  the 
humerus.  The  ligament  is  contained  in  a  sheath  of  synovial 
membrane,  and  is  free  in  the  cavity  of  the  joint,  except  in  the 
lower  part  of  its  course,  where  it  passes  between  the  capsule  and 
the  synovial  membrane.  In  the  jerboas  and  Cape  jumping  hare, 
the  structure  is  not  nearly  so  well  developed  as  in  other  rodents. 
That  this  ligament  is  the  same  as  the  middle  band  of  man  is 
proved  by  its  having  the  same  attachments  and  relation  to  the 
subscapularis  pouch.  Among  the  Edentata,  the  armadillo  has  a 
strong  gleno-humeral  ligament,  but  the  pangolin  and  tamaudua 
have  none.  In  the  armadillo  which  I  dissected,  the  dorso- 
cephalic  part  of  the  capsule  was  thickened  to  form  a  distinct 
ligament ;  it  is  well  known  that  in  this  animal  the  transverse 
humeral  ligament  is  ossified  to  form  a  bony  canal  for  the  biceps. 

In  the  Marsupialia,  the  kangaroo  shows  a  fringed  fold  corre- 
sponding in  position  to  the  part  of  the  gleno-humeral  ligament 
nearest  the  glenoid  cavity.  In  the  Dasyure  the  structure  is 
fairly  definite,  and  in  the  bandicoot,  pigmy  phalanger  (Acrobates), 
and  vulpine  phalanger  very  definite.  In  the  Monotremata,  the 
shoulder  diflfers  considerably  from  that  of  other  piammals.  In 
Ornithorhynchus,  the  glenoid  cavity  is  deeply  concave  ventro- 
dorsally,  convex  from  side  to  side ;  it  may  be  described  as  a  deep 
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furrow  formiDg  a  aegment  of  a  circle,  and  having  a  longer  dorsal 
or  acapular  lip,  and  a  shorter  ventral  or  ooracoid  one.  The  head 
of  the  hamenis  is  exactly  adapted  to  this ;  it  is  convex  ventre- 
dorsallj  and  crescentic,  the  hollow  of  the  cieeoent  fitting 
against  the  ventral  (coracoid)  lip  of  the  glenoid  cavity.  As  the 
crescent  glides  round  this  jAvot,  the  hnmerus  is  rotated  on  its 
long  axis,  and  the  forearm,  which  is  at  an  acnte  angle  with  it, 
moves  forward  and  back  in  the  plane  c^  the  long  axis  of  the 
bodj.  Flexion  and  extension  of  the  shoulder  are  very  slight, 
and  00  are  adduction  and  abduction ;  when  the  hand  requires  to 
be  brought  away  from  the  side,  the  chief  movement  occurs 
between  coracoid  and  sternum.  A  strong  l^ament  passes  from 
the  coracoid  lip  of  the  glenoid  cavity  to  the  hollow  or  ventral 
dde  of  the  crescent-shaped  head  of  the  humerus.  These  are  the 
attachments  of  the  gleno-bumeral  ligament  throughout  the 
Mammalia;  and  I  have  little  doubt  that  this  ligament  in 
Omithorbynchus  is  not  only  a  gleno-humeral  ligament  in  name, 
bat  the  homologue  of  the  ligament  which  bears  the  same  name 
in  other  mammals. 

There  is  another  ligament  outside  the  shoulder  capsule  of 
Omithorbynchus  which  runs  from  the  base  of  the  coracoid  to  the 
homeros,  but  I  hesitate  to  claim  for  it  any  homology  with  the 
coiaco-humeral  ligament  in  man,  because  between  the  Mono- 
tremata  and  the  Primates  there  is  a  gap  in  which  the  coraco- 
homeral  Ugament  is  ill-developed  or  wanting,  and  also  because 
the  greater  part  of  the  coraco-humeral  ligament  of  man  comes 
from  the  epicoracoid  rather  than  the  coraooid  element  The 
ahoolder  joint  of  Echidna  corresponds  very  closely  with  that  of 
Oimthorhynchus. 

The  Elbow  Joint. 

The  elbow  joint  of  monkeys  differs  little  from  that  of  man  in 
the  arrangement  of  the  bony  surfaces.  In  the  eapsule  there  is 
often  a  strong  oblique  band  lying  superficial  to  the  general  mass 
of  capsular  fibres,  and  passing  from  the  internal  condyle  down- 
ward and  outward  to  just  above  the  tubercle  of  the  radius ;  it 
becomes  tightly  wound  up  in  extreme  pronation,  and  checks 
that  movement  I  found  this  band  in  the  sender  and  vervet 
monkeys,  not  in  the  macaque  or  baboon. 
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The  internal  lateral  ligament  of  the  rhesus  monkey  dlfTers 
from  that  of  mau  in  ouly  consisting  of  one  very  strong  band 
which  runs  downward  and  backward  to  the  shaft  of  the  ulna 
some  distance  below  the  margin  of  the  coronoid  process,  the 
brachialis  anticus  being  inserted  between  it  and  the  bone. 
There  is  no  band  between  the  condyle  and  the  olecranon  as  in 
man.  The  external  lateral  ligament  also  runs  downward  and 
backward  from  the  front  of  the  outer  side  of  the  external  con- 
dyle ;  its  most  superficial  fibres  pass  down  to  the  shaft  of  the 
ulna,  the  deeper  ones  blend  with  the  orbicular  ligament.  It 
will  thus  be  seen  that  both  these  ligaments  tend  to  check  ex- 
teiiaion  of  the  elbow,  a  function  of  great  importance  when  one 


Fig.  9— ^bow  of  Spider  Monkey  (Atelea),  from  in  frant.  s,  obliqne 
epitrochlso- radial  ligament;  p,  suterior  ligament  of  capaole; 
c,  orbicDlar  ligament. 

considers  the  length  of  the  monkey's  forearm  and  the  greater 
leverage  which  it  exerts.  This  arrangement  of  ligaments  ap- 
plies also  to  the  spider  and  vervet  monkeys  and  to  the  baboou, 
but  in  the  lemur  the  three  fasciculi  of  the  internal  lateral 
ligament  are  present  as  io  man,  though  the  external  lateral 
ligament  is  continued  down  to  the  shaft  of  the  ulna  as  in  the 
monkeys.  In  all  the  Primates  the  orbicular  ligament  is  very 
strong,  and  on  cutting  it  and  pulling  apart  the  bones  of  the 
forearm  a  feeble  quadrate  ligament  may  be  seen. 
In  the  Cheiroptera,  the  fruit  bat  (Pteropus)  has  an  elbow  in 
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which  pronafdon  and  supination  of  the  radios  are  only  possible 
for  about  one-eighth  of  a  circle.  The  ulna  is  very  feeble,  and 
only  articulates  with  the  back  of  the  articular  surface  on  the 
hamerus,  consequently  the  trochlear  surface  is  only  present 
posteriorly.  The  upper  part  of  the  olecranon  is  separate,  and 
attached  to  the  rest  by  fibrous  tissue.  The  whole  of  the  front 
of  the  humeral  articular  surface  is  in  contact  with  the  large  and 
transversely  elongated  head  of  the  radius,  and  both  the  external 
and  internal  lateral  ligaments  are  attached  to  the  sides  of  this. 
The  internal  lateral  ligament  runs  down  some  distance  on  the 
neck  of  the  radius,  and  the  biceps  is  inserted  between  it  and  the 
bone.  The  external  lateral  ligament  has  a  sesamoid  bone 
developed  in  it  which  plays  on  the  outer  side  of  the  head  of  the 
radius.  There  is  no  orbicular  ligament.  The  radius  is  in  a 
position  of  semi-pronation,  so  that  the  pollex  is  nearer  the  head 
than  the  other  digits. 

In  the  Insectivora,  the  hedgehog  has  the  kind  of  elbow  which 
it  typical  of  those  mammals  which  use  their  fore-limb  for  support 
The  radius  is  strongly  pronated  and  its  head  is  oval,  with  the 


Fig.  10.— Elbow  of  Hedgehog  (Erinaoeus),  from  the  inner  ride. 

long  axis  directed  transversely ;  it  forms  the  anterior  or  horizontal 
part  of  the  great  sigmoid  cavity,  the  ulna  forming  the  vertical  or 
posterior  portion.  The  lesser  sigmoid  cavity  looks  directly  for- 
ward, and  the  head  of  the  radius  lies  altogether  in  front  of  the 
nha.  There  is  no  orbicular  ligament,  and  the  external  lateral 
ligament  is  feeble.  There  are  two  well  marked  fasciculi  of 
the  internal  lateral  ligament  from  the  internal  condyle,  the 
anterior  passing  to  the  radius,  the  posterior  to  the  ulna.    When 
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the  joint  is  flexed  a  very  Isi^ge  amount  of  lateral  moroneiitiB 
allowed,  but  when  it  ie  extended  this  ia  checked. 

In  the  mole,  the  elbow  ie  specialised  for  dicing ;  the  head  of 
the  radius  lies  by  the  side  of  the  ulna,  and  there  is  a  haaj 
projection  running  up  from  it  behind  the  capitellnm  of  the 
humerus,  just  as  the  olecranon  ruus  up  behind  the  trochlea. 
This  projection  is  bound  to  the  olecranon  hj  a  strong  ligament. 
The  lateral  ligaments  of  the  joint  are  well  marked,  but  there  is 
no  orbicular  ligament,  and  practically  neither  pronation  nor 
supination  is  allowed. 

In  the  Camivora,  there  is  considerably  more  pronation  and 
supination,  often  to  the  extent  of  a  quarter  of  a  circle ;  and  to 
adapt  the  joint  to  this,  an  orbicular  ligament  is  present,  which  iu 


Fio.  II.— Elbow  of  IchQenmon  (Herpettes),  born  the  outer  dde. 

the  bear  is  extremely  thick.  The  familiar  instances  of  a  kitten 
playing  with  a  ball  of  worsted  or  a  bear  climbing  a  pole  will 
remind  everyone  that  considerable  pronation  and  supination  are 
possible  to  these  animab. 

The  external  lateral  ligament  is  attached  to  the  orbicular,  and 
is  then  prolonged  some  distance  down  on  the  neck  of  the  radius. 
In  the  hyeena  I  found  it  twisted  so  that  the  fibres  which  were 
anterior  above  became  external  and  eventually  posterior.  The 
oblique   ligament  (epitrochleo-radial)  already  referred  to  in 
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montejs  is  present  in  Procyoo,  Herpestes,  and  Mostela,  but  not 
in  UrsoB  or  Ejsena ;  it  has  the  same  attachments  and  checks 
pKiDatioa  Also  coming  from  the  internal  condyle,  there  are 
uitenor  and  posterior  internal  lateral  ligaments,  thot^h  one  or 
otber  of  these  is  occaMonally  wanting. 

The  imgulates  have  an  elbow  adapted  entirely  for  support ; 
&t  head  of  the  radius  supports  the  whole  weight  of  the  fore 
part  of  the  body,  the  olecranon  merely  forming  a  projection 
behind  to  prevent  forward  dislocation.  The  external  and  internal 
lateral  ligaments  are  strong,  and  are  both  attached  to  the*radiaB 
telov.    There  is  no  pronation,  and  therefore  no  orbicular  liga- 


Fia.  12.— Elbow  of  B«ooan  (Pro«;on),  from  the  inner  aide.     ■, 
ablii^Da    epitrooblso-ndial    llgunant;    0,     iutenul    lateral 


ment,  but  the  radius  and  ulna  are  bound  together  by  external 
ind  iaternal  superior  radio-ulnar  and  strong  interosseous  liga- 
ments, which  in  the  adult  horse  and  ox  tend  to  ossify.  In 
Hfnx  the  elbow  is  less  typically  one  of  support,  the  ulna  is 
much  more  by  the  side  of  the  radius,  while  the  internal  lateral 
%ment,  which  is  double,  passes  to  the  ulna  instead  of  to  the 
radius ;  there  is,  however,  no  orbicular  ligament. 

hi  most  of  the  Kodentia  the  arrangement  very  closely  re- 
sembles that  of  Hyrax ;  the  radius  is  in  front  and  to  the  outer 
ade  oE  the  ulna,  and  its  head  is  elongated  transversely,  so  that 
pitwation  to  the  extent  of  about  one-sixth  of  a  circle  is  all  that 
ia  poBubte,  and  there  is  no  orbicular  ligsmeuL     The  lateral 


62  PROFESSOB  F.   6.   PABSONS. 

ligaments  closely  resemble  those  of  Hyrax.  It  is  interesting 
to  notice  that  certain  rodents  which  do  not  use  their  fore-limbs 
for  support,  such  ad  Pedetes  and  Dipus,  have  the  head  of  the 
radius  circular  and  capable  of  pronation  to  the  extent  of 
quarter  of  a  circle,  and  that  in  them  an  orbicular  ligament  is 
present.  What  I  have  seen  of  mammalian  elbows  makes  me 
believe  that  when  pronation  to  the  extent  of  quarter  of  a 
circle  or  more  is  possible,  an  orbicular  ligament  is  always 
present. 

Among  the  Edentata,  Bradypus  and  Manis  have  definite  orbic- 
ular ligaments,  although  the  amoimt  of  pronation  is  slight ;  the 
external  lateral  ligament  is  attached  to  it  as  well  as  to  the  neck 
of  the  radius,  while  the  internal  lateral  passes  to  the  ulna.  In 
Dasypus,  on  the  other  hand,  the  radius  has  a  transversely 
elongated  head  and  no  orbicular  ligament,  so  that  pronation  is 
impossible.  This  animal  is  remarkable  for  the  laxity  of  the 
capsule  of  the  elbow,  and  the  amount  of  lateral  movement 
allowed  during  flexion  of  the  joint. 

In  the  Marsupialia,  the  elbow  joint  varies  a  good  deal, 
especially  in  the  amount  of  pronation  of  the  radius.  In  the 
Kangaroos  (Macropus  and  Petrogale)  pronation  to  the  extent  of 
nearly  quarter  of  a  circle  is  allowed,  and  there  is  a  well 
marked  orbicular  ligament.  In  the  bandicoot  (Perameles)  the 
joint  closely  resembles  that  of  man,  the  radius  has  a  circular 
disc-shaped  head,  rotating  in  a  well  marked  orbicular  ligament 
for  about  three-eighths  of  a  circle,  and  the  ligaments  are 
arranged  much  after  the  human  fashion.  In  the  Opossum 
(Didelphys),  on  the  other  hand,  although  pronation  to  the 
extent  of  nearly  quarter  of  a  circle  is  possible,  I  quite  failed 
to  detect  any  orbicular  ligament. 

In  the  Monotremata,  the  elbow  joint  of  the  Omithorhynchus 
is  a  perfect  hinge.  The  articular  surface  on  the  humerus  looks 
downward  and  forward,  and  is  convex  from  above  down  as  well 
as  from  side  to  side ;  its  long  axis  is  transverse.  The  posterior 
part  of  the  sigmoid  cavity  is  formed  by  the  ulna,  the  lower  by 
the  radius.  There  is  no  orbicular  ligament,  and  no  pronation  or 
supination  is  allowed.  The  radius  and  ulna  are  connected  by 
interosseous  ligament,  and  a  certain  amount  of  gliding  can  take 
place.     In  the  Echidna  the  same  arrangement  exists,  but  prona- 
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tioQ  and  snpioatioii  to  the  exteot  of  lese  than  oae-eighth  of  a 
circle  is  possible. 

From  tbe  foregoing  it  will  be  seen  that  there  are  two  main 
typra  of  elbow :  firstly,  that  of  the  monotreme  or  ungulate,  in 
Tluch  the  head  of  the  radiua  is  transveraelj  elongated,  situated 
more  or  less  immovably  in  front  of  the  ulna,  and  haviug  both 
lateral  ligaments  attached  to  it.  Secondly,  that  of  the  Primates, 
ia  Tbich  the  head  of  the  radius  is  a  circular  disc  rotating 
ia  in  orbicular  ligament  hy  the  side  of  the  ulna,  and  in  which 
tbe  lateral  ligamenta  pass  either  directly  or  indirectly  to  the 
nW  The  first  of  these  is  best  adapted  for  support,  the  second 
for  prehension,  and  towards  one  or  other  of  these  the  various 
tlbowa  of  mammals  tend. 


Wrist  Joist. 

b  the  human  wrist  one  notices,  among  other  things,  that 
fo  tijloid  process  of  the  ulna  is  very  email  and  does  not 
irticnlate  with   any   of   the   carpal   bones,  that   the   pisiform 


Plo.  13.— Wrirt  of  UocBqae  Monkey,  from  palmar  rfde.  «,  ndio- 
tatfl  lig&ment;  fl,  nlno-c»rp»l;  8,  «»phoid  bone;  U,  o^ 
magnom ;  P,  pUifbrm  ;  C,  cnaairorm  ;  C,  oncirorm ;  RS, 
ndiit  owide  ia  siUroaJ  lateral  ligameoL 

does  not  take  any  part  in  the  formation  of   the   wrist  joint, 
that  it  articulates  with  the  otineiform  by  a  synovial  cavity, 
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which  is  quite  separate  from  all  others,  and  that  there  is 
no  attempt,  at  least  iu  the  adult,  at  division  of  the  joint  into 
outer  and  inner  parts  by  an  antero-posterior  septum.  On 
comparing  this  human  joint  with  that  of  a  rhesus  monkey, 
the  much  greater  comparative  size  of  the  styloid  process  of 
the  ulna  is  at  once  apparent,  and  this  styloid  process,  during 
adduction  of  the  hand,  fits  into  a  cup-shaped  socket  formed 
by  the  cuneiform  and  pisiform  bones ;  moreover,  the  articula- 
tion between  the  cuneiform  and  pisiform  bones  communicates 
with  the  cavity  of  the  wrist.  The  fibres  of  the  anterior 
ligament  of  the  wrist  run  in  two  directions.  The  radio-carpal 
fibres  run  downward  and  inward,  while  the  ulno-carpal  are  on 
a  more  superficial  plane,  and  run  downward  and  outward  from 
the  styloid  process  of  the  ulna  to  the  scaphoid. 

In  man,  it  will  be  noticed  that,  with  the  diminution  of  the 
styloid  process,  the  ulno-carpal  ligament  has  disappeared.  In 
the  vervet  (Cercopithecus  lalandii),  the  arrangement  is  practi- 
cally identical  with  that  of  the  rhesus,  except  that  there  is  a 
slight  projection  of  synovial  membrane  into  the  front  of  the 
joint,  corresponding  to  the  junction  between  the  radius  and 
the  triangular  fibro-cartilage  above,  and  to  that  between  the 
semilunar  and  cuneiform  bones  below.  In  the  baboon  {Cyno- 
cephalus  sphinx),  this  partial  septum  is  more  distinct,  but  in 
all  these  three  monkeys  the  triangular  fibro-cartilage  closely 
resembles  that  of  man.  In  the  spider  monkey  {Aides  paniscus), 
the  joint  between  the  radius  above  and  the  scaphoid  and  semi- 
lunar below  is  completely  cut  off  from  that  between  the  ulna 
and  cuneiform  by  an  antero-posterior  septum.  The  styloid 
process  of  the  ulna  is  large  and  hemispherical  at  its  lower 
extremity ;  it  fits  into  a  concave  facet  on  the  upper  surface  of 
the  cuneiform,  but  the  pisiform  does  not  form  any  part  of  this 
facet.  The  arrangement  of  the  triangular  fibro-cartilage  of  this 
animal  is  interesting ;  there  is  no  sigmoid  cavity  on  the  lower 
end  of  the  radius,  but  the  fibro-cartilage,  which  is  really  a  wedge- 
shaped  mass  of  fibrous  tissue,  is  attached  to  the  lower  half  inch 
of  that  bone,  and  against  this  fibrous  tissue  the  articular  surface 
of  the  ulna  plays.  At  its  highest  point  the  fibro-cartilage  is 
continuous  with  the  interosseous  membrane,  and  the  arrange- 
ment in  this  and  several  other  mammals  are  suggestive  of  the 
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pOMibilitj  that,  after  aJl,  the  triangular  fibro-cartiloge  ot  the 
vriat  ma;  be  nothing  more  tbaa  the  separated  lower  end  of  the 
ioteroaseouB  membraue.  I  should,  hoxvever,  state  that  the 
hypothesis  which  seems  to  find  most  favour  at  present  is  that 
Che  triangular  fibro-cartilage  is  an  ingrowth  from  both  the 
palmar  and  dorsal  parts  of  the  capsule,  and  that  it  poasiblj 
crataios  ID  it  the  rudimente  of  an  extra  ulnar  digit. 

In  the  lemur  the  wrist  joint  clraely  resembles  that  of  Ate}es ; 
the  styloid  process  of  the  ulna  is  still  more  enlarged,  so  that  it 


Fio.  14. — Inferior  redfO'Ulnar  joint  of  Spider  Uookej  (Ateles). 

ia  a  distinct  coutinnaDce  of  the  shaft,  instead  of  a  small  ex- 
cnacence  as  in  man,  and  ite  hemispherical  articolar  surface  is 
reoeired  into  the  usual  cup  formed  by  the  cuneiform  and  pisi- 
Iwm  bones. 

From  the  radial  attachment  ot  the  fibro-cartilage  a  septum 
completely  divides  the  wrist  joint  into  a  radial  and  ulnar  half. 
It  is  iuteresting  to  notice  that  Prof.  Leboucq  has  already  found 
that  in  an  early  st^e  of  the  development  of  the  wrist  of  the 
hnman  fcetus  the  triangular  cartilage  is  attached,  not  only  to  the 
rsdiuB  and  ulna,  but  to  the  semilunar  as  weU.  In  the  Cbeir- 
optera,  the  wrist  is  so  modified  for  the  purpose  of  flight  that 
most  ot  oar  landmarks  have  disappeared.  Id  the  first  place, 
the  alna  in  the  fruit  hat  (Fteropus)  disappears  in  the  lower 
part  ot  the  forearm,  and  the  cuneiform,  having  no  forearm  bone 
to  articulate  with,  is  greatly  reduced  in  size.  The  pisiform  has 
entirely  disappeared,  and  the  scaphoid  and  semilunar  are  fused 
to  lorm  a  lai^e  scapbo-lmiar,  the  upper  articular  surface  ot  which 
is  ibaved  off  in  front  and  behind,  so  as  to  form  a  transversely 
ploogated  wedge,  which  fits  into  a  trough  exactly  adapted  to  it 

VOL  XXXrV.  (N.8.  VOL  XIV.)  J 
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on  the  lower  end  of  the  radius.  The  two  bones  are  held 
together  by  palmar,  dorsal,  and  lateral  ligaments,  and  it  is 
evident  that  here  is  a  joint  which  will  allow  a  small  amoui^}  of 
hinge  movement,  and  that  only;  a  joint  which  it  would  be 
extremely  diflBcult  to  dislocate. 

In  the  Insectivora,  the  hedgehog  has  the  radius  and  the  ulna 
closely  bound  together  inferiorly ;  and  as  there  is  no  synovial 
cavity  between  the  lower  ends  of  these  bones,  the  ligament 
representing  or  occupying  the  same  place  as  the  fibro-cartilage 
of  the  Primates  is  continuous  with  the  interosseous  membrane. 
The  ulna  is,  as  usual,  received  into  a  facet  formed  by  the 
cuneiform  and  pisiform. 

In  the  Carnivora,  the  scaphoid  and  semilunar  are  always 
fused,  and  the  joint  between  the  scapho-lunar  and  radius  is 
often  partially,  and  may  be  completely,  shut  off  from  that 
between  the  ulna,  cuneiform,  and  pisiform.  When  the  partition 
is  incomplete  it  is,  as  usual,  situated  in  the  anterior  (palmar) 
part  of  the  joint.  The  ulno-carpal  ligament  from  the  lower  end 
of  the  ulna  to  the  palmar  surface  of  the  scapho-liinar  is  usually 
very  well  marked.  It  has  already  been  pointed  out  that  car- 
nivores allow  a  good  deal  of  pronation  and  supination  of  the 
forearm,  and  in  connection  with  this  a  synovial  cavity  between 
the  lower  ends  of  the  radius  and  ulna,  and  above  the  triangular 
fibro-cartilage  seems  always  present. 

In  the  Hyfiena,  this  fibro-cartilage  consists  of  two  distinct 
parts :  an  inferior,  in  which  the  fibres  are  antero-posterior,  and 
are  continued  into  the  palmar  and  dorsal  ligaments  of  the  joint ; 
and  a  superior,  in  which  they  pass  transversely  from  the  radius 
to  the  ulna.  This  direction  of  the  upper  fibres  is  suggestive  of 
their  being  a  separated  part  of  the  interosseous  membrane. 

In  the  Ungulata,  the  wrist  is  more  exclusively  a  hinge  than 
in  the  Insectivora  or  Carnivora,  where  a  certain  amount  of 
abduction  and  adduction  is  allowed.  The  radius  alone  forms 
the  upper  joint  surface  in  the  greater  number  of  animals,  and 
articulates  with  the  scaphoid,  semilunar,  and  cuneiform  by 
several  ridges  and  furrows.  In  the  brocket  deer  (Cariacus)  I 
found,  on  opening  the  joint  from  the  dorsum,  a  vertical  fold  of 
synovial  membrane  projecting  from  the  palmar  ligament,  and 
partially  cutting  off  the  joint  between  the  radius  and  cuneiform 
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from  that  between  the  radias,  scaphoid,  and  semilunar;  this, 
however,  I  failed  to  notice  in  other  ungulates.  In  the  harnessed 
antelope  {Tragdaphus  scriptvs)  two  external  lateral  ligaments 
were  seen:  the  superficial  one  ran  to  the  side  of  the  great 
metatarsal  bone,  while  the  deep  passed  between  the  radius  and 
scaphoid ;  this  latter  was  distinctly  twisted  in  such  a  way  that 
the  fibres  which  above  were  on  the  radial  side  became  anterior 
(dorsal)  lower  down,  and  finally  on  the  ulnar  side.  Both  these 
ligaments  become  tight  on  extension. 

In  Hyrax,  the  wrist  is  more  generalised  than  in  the  true 
Ululates ;  both  ulna  and  i^dius  enter  into  it,  and  the  cavity 
between  the  ulna  and  cuneiform  is  completely  cut  off  from  the 
rest  of  the  wrist,  as  in  so  many  mammals.  Both  the  radius 
and  ulna  have  a  dorso-ventral  ridge  which  fits  into  a  correspond- 
ing depression  in  the  carpal  bones  of  the  first  row,  and  must 
check  lateral  movement. 

In  the  Rodentia,  as  a  rule,  the  joint  is  not  divided  into  radial 
ind  ulnar  portions  by  a  partition,  but  the  lower  end  of  the  ulna 
isp^-shaped,  and  fits  into  a  cup  formed  by  the  cuneiform  and 
piaifornL  In  the  part  of  the  joint  between  the  radius  and 
scapho-lunar,  the  bony  surfaces  are  irregularly  convex  and 
concave. 

In  Bradypus  and  Dasypus,  among  the  Edentata,  the  wrist  is 
not  divided  into  two,  but  in  Manis  the  part  between  the  ulna 
and  cuneiform  is  completely  shut  off.  In  Dasypus  the  ulno- 
carpal  ligament  is  especially  strong,  and  runs  as  usual  from  the 
ulna  to  the  scaphoid. 

Among  the  Marsupialia,  Macropus,  Petrogale,  Didelphys,  and 
Fhalangista  have  the  joint  completely  divided  into  radial  and 
ulnar  halves.  In  Dasyurus  the  peg-like  lower  end  of  the  ulna 
is  as  usual  received  into  the  cup  formed  by  the  cuneiform  and 
pisiform,  but  there  was  apparently  no  division  of  the  joint. 

In  the  Monotremata,  both  Ornithorhynchus  and  Echidna  have 
the  ulna  entering  rather  more  largely  into  the  formation  of  the 
wrist  than  the  radius,  and  the  partition  between  the  radial  and 
ulnar  halves  of  the  joint  is  attached  to  the  margin  of  the  ulna 
above  and  to  the  scapho-lunar  below;  this  is  somewhat  different 
from  the  usual  arrangement,  and  it  is  worthy  of  notice  that  in  the 
Mammalia  generally  the  lower  attachment  of  this  partition  to 


68       JOINTS  OF  MAMMALS  COMPARED  WITH  THOSE  OF  MAN. 

the  inner  (alnar)  edge  of  the  semilunar  is  much  more  constant 
than  its  upper  attachment,  which  may  be  to  the  uhiar  edge  of 
the  radius  (most  mammals),  to  the  middle  of  the  lower  surface 
of  the  radius  (Cariacus),  or  to  the  radial  edge  of  the  ulna 
(Monotremata).  In  the  Monotremata  there  is  an  antero- 
posterior notch  on  the  scapho-lunar,  into  which  a  corresponding 
ridge  on  the  radius  fits,  and  prevents  any  rotation  or  lateral 
movement. 

Summing  up,  we  find  that  the  generalised  mammalian  wrist  is 
nearly  a  perfect  hinge,  and  that  it  is  divided  into  two  lateral 
parts,  that  the  ulna  fits  into  a  cavity  formed  by  the  cuneiform 
and  pisiform,  that  the  triangular  fibrocartilage,  as  such,  can 
hardly  be  said  to  exist,  and  that  it  is  represented  by  an  inter- 
osseous ligament,  which  appears  to  be  a  thickened  part  of  the 
interosseous  membrane,  and  that  the  palmar  portion  of  the 
capsule  consists  of  a  superficial  ulno-carpal  and  a  deep  radio- 
carpal ligament,  which  together  form  an  X.  The  effect  of  a 
moderate  amount  of  supination  seems  to  be,  as  in  the  carnivores, 
to  form  a  synovial  cavity  above  the  triangular  fibro-cartilage 
and  to  emphasise  that  structure,  also  to  interfere  with  the 
dorsal  part  of  the  septum,  dividing  the  wrist  into  two  lateral 
parts.  More  perfect  supination,  as  in  man,  leads  to  a  greatly 
increased  inferior  radio-ulnar  joint,  and  to  complete  disappear, 
ance  of  the  vertical  partition  of  the  wrist  (though  this  is 
present  in  the  foetus).  The  necessity  for  extensive  adduction 
is  correlated  with  diminution  of  the  lower  end  of  the  ulna  into 
the  little  styloid  process,  and  total  exclusion  of  the  pisiform 
from  the  wrist.  With  the  reduction  of  the  lower  end  of  the 
ulna,  the  ulno-carpal  ligament  disappears. 


AN  EXPERIMENTAL  CONTRIBUTION  TO  THE  STUDY 
OF  THE  MECHANISM  OF  BILE  SECRETION.  By 
William  Bain,  M.D.  Durham,  M.RC.P.  Lond. 

(From  the  Physiological  Laboratory  of  St  Thomas's  Hospital.) 

Thi  following  facta  regarding  the  influence  of  the  nervous 
system  upon  the  secretion  of  bile  have  been  gleaned  from  the 
literature  of  the  subject 

1.  Heidenhain  (1)  found  that  section  of  Ibhe  splanchnic  nerves 
which  causes  a  dilatation  of  the  radicles  of  the  portal  vein 
increases  the  flow  of  bila 

2.  Munk  (2)  observed  that  stimulation  of  the  splanchnic 
nerves,  by  producing  a  constriction  of  the  arteries  and  a  con- 
sequent slowing  of  the  portal  stream,  retards  the  biliary 
secretion. 

3.  Section  of  the  spinal  cord  in  the  neck  diminishes  the  flow, 
owing  to  the  fall  of  pressure  throughout  the  vascular  system. 

4  It  has  been  assumed  that  the  biliary  secretion  is  not 
directly  controlled  by  the  nervous  system,  because  experiment 
has  shown  that  pilocarpine  (3),  while  increasing  the  flow  of 
saliva  and  the  pancreatic  juice,  has  no  effect  on  the  flow  of  bile ; 
and  atropine  (4),  which  inhibits  other  secretions,  fails  to  arrest 
the  biliary. 

5.  Stimulation  of  the  spinal  cord,  whether  induced  directly  or 
reflexly,  leads  to  a  diminution  in  the  flow.  It  is  known  that 
stimnlation  of  the  vagus  nerves  does  not  affect  the  secretion 
when  the  animal  is  under  an  anassthetic.  To  eliminate  the 
factor  of  anaesthesia,  I  decided  to  use  the  methods  adopted  by 
Pawlow  in  proving  that  the  vagus  was  the  secretory  nerve  to 
the  stomach  and  pancreas,  viz. — a  dc^  was  pithed,  tracheotomy 
rapidly  performed,  and  artificial  respiration  established.  A 
cannula  was  then  inserted  into  the  common  bile  duct,  the  cystic 
dnet  clamped,  and  the  vagus  nerves  exposed  in  the  neck.  The 
cannula  was  attached  by  rubber  tubing  to  a  glass  capillary  tube 
fibout  3  feet  6  inches  in   length,   having  a  capacity   of   1 
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cubic  centimetre,  and  graduated  into  100  divisions,  each  division 
being  subdivided  into  halves,  so  that  readings  could  easily  be 
taken  and  timed.  Coloured  water  was  used  as  an  index.  The 
capillary  tube  was  retcdned  in  a  horizontal  position. 


EXPEKIMENT  I. 

A  dog  weighing  16  lbs.  was  placed  under  ether.  The  opera- 
tive procedures  just  described  were  performed,  and  the  vagus 
nerves  stimulated  alternately  by  gradually  increasing  currents 
from  an  induction  coil. 
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Chart  I.  clearly  demonstrates  that  stimulation  of  either  vagus 
has  no  influence  on  the  secretion  of  bile. 

The  charts  are  constructed  on  the  basis  of  the  rate  of  secretion 
per  minute.  This  is  obtained  by  dividing  the  number  of 
divisions  over  which  the  index  travels  by  the  number  of  minutes 
the  index  takes  to  traverse  these  divisions. 

In  comparing  Chart  L  with  Chart  II.  it  will  be  observed  that 
although  the  rate  of  secretion  is  somewhat  diminished  by  section 
of  the  spinal  cord  in  the  neck,  it  is  not  markedly  so,  as  is 
generally  stated.  ■, 
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Experiment  IL 


A  dog  weighing  17  lbs.  was  put  under  ether.  The  usual 
operation  for  connecting  the  bile  duct  with  the  recording 
capillary  tube  was  performed. 
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Chart  II.  shows  the  gradual  fall  that  normally  occurs  in  the 
rate  of  secretion  as  the  bile  drains  away  from  the  system. 

The  manner  in  which  cholagogues  act  on  the  liver  is  still  a 
matter  of  surmise.  Butherford  (6)  has  pointed  out  the  difficulty 
of  ascertaining  the  factors  which  determine  an  increase  of  bile 
after  the  administration  of  a  particular  drug.  He  says  the 
increase  may  be  occasioned  "(1)  by  stimulation  of  the  hepatic 
secreting  apparatus;  or  (2)  by  stimulation  of  the  muscular 
fibres  of  the  gall  bladder  and  larger  bile  duets,  to  wit,  the 
bile-expelling  aparatus ;  or  (3)  by  removing  a  catarrhal  or  con- 
gested state  of  the  orifice  of  the  common  bile  duct,  or  of  the 
general  extent  of  the  larger  bile  ducts ;  or  (4)  by  removing  from 
the  intestines  substances  which  had  been  passing  therefrom  into 
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the  portal  vein  and  depressing  the  action  of  the  hepatio 
or  (5)  by  stimulating  the  intestinal  glands,  and  thus  pro4 
drainage  of  the  ^rtal  system,  whereby  the  loaded  liver  . 
possibly  be  relieved." 

Doubtless  some  drugs  act  by  stimulating  the  muscular  ei 
the  bile  ducts  and  the  intestinal  mucosa,  while  others  ma( 
both  on  the  bile  ducts  and  the  liver  cells.  I  tried  to  ascil 
if  the  secretion  of  bile  would  be  affected  by  injecting  c4 
drugs  in  solution  directly  into  the  circulation.  If  a  ' 
injected  into  the  external  jugular  vein  increased  the  secii 
of  bile,  the  deduction,  I  think,  would  be  that  it  stimulate! 
secretory  cells  of  the  liver. 


Experiment  III. 

A  dog  weighing  33  lbs.  was  put  under  ether.    The  capS 
tube  having  been  connected  with  the  common  bile  duct  i]i[ 
usual  way,  a  cannula  was  inserted  into  the  external  jugular  \ 
and  the  vein  clamped  below  the  insertion  of  the  cannula, 
save  repetition,  it  may  be  stated  that  the  subsequent  ex) 
meuts  were  carried  out  in  a  similar  manner.    Fifty  c.c.  of  0*9  , 
cent,  chloride  of  sodium  solution  was  injected  into  the  vein, 
dose  being  repeated  after  an  interval  of  one  hour.     Af terwag 
a  solution  of  Plattner's  crystals  was  injected,  and  repeated  at 
,a  further  interval.    (See  Chart  III.) 

Chart  III.  shows  a  slight  but  unsustained  increase  after  t 
first  saline  injection,  and  a  distinct  increase  after  the  seed 
injection,  of  Plattner's  crystals.  Probably  the  first  injection'. 
Plattner's  crystals  was  too  small  to  have  an  effect 

It  is  evident  from  this  experiment  that  the  injection  into  d 
circulation  of  1 00  c.c.  saline  solution  has  little  if  any  effect  1 
accelerating  thQ  flow  of  bile,  whereas  a  comparatively  smi^ 
dose  of  Plattner's  crystals  has  a  distinct  effect. 

I 

Experiment  IV. 

A  dog  weighing  14  lbs,  was  injected  with  15  c.c,  and  aft4 
an  interval  50  c.c.  of  strong  sulphur  water  (Harrogate)  at  i 
temperature  of  37°  C,    All  the  solutions  were  injected  at  tbf 
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the  portal  vein  and  depressing  the  action  of  the  hepatic  cells ; 
or  (5)  by  stimulating  th^  intestinal  glands,  and  thus  producing 
drainage  of  the  portal  system,  whereby  the  loaded  liver  might 
possibly  be  relieved." 

Doubtless  some  drugs  act  by  stimulating  the  muscular  coat  of 
the  bile  ducts  and  the  intestinal  mucosa,  while  others  may  act 
both  on  the  bile  ducts  and  the  liver  cells.  I  tried  to  ascertain 
if  the  secretion  of  bile  would  be  affected  by  injecting  certain 
drugs  in  solution  directly  into  the  circulation.  If  a  drag 
injected  into  the  external  jugular  vein  increased  the  secretion 
of  bile,  the  deduction,  I  think,  would  be  that  it  stimulated  the 
secretory  cells  of  the  liver. 

Experiment  III. 

A  dog  weighing  33  lbs.  was  put  under  ether.  The  capillary 
tube  having  been  connected  with  the  common  bile  duct  in  the 
usual  way,  a  cannula  was  inserted  into  the  external  jugular  vein, 
and  the  vein  clamped  below  the  insertion  of  the  cannula.  To 
save  repetition,  it  may  be  stated  that  the  subsequent  experi- 
ments were  carried  out  in  a  similar  manner.  Fifty  c.c.  of  0*9  per 
cent,  chloride  of  sodium  solution  was  injected  into  the  vein,  the 
dose  being  repeated  after  an  interval  of  one  hour.  Afterwards 
a  solution  of  Flattner's  crystals  was  injected,  and  repeated  after 
a  further  interval.    (See  Chart  III.) 

Chart  III.  shows  a  slight  but  unsustained  increase  after  the 
first  saline  injection,  and  a  distinct  increase  after  the  second 
injection,  of  Plattner's  crystals.  Probably  the  first  injection  of 
Plattner's  crystals  was  too  small  to  have  an  effect 

It  is  evident  from  this  experiment  that  the  injection  into  the 
circulation  of  100  c.c.  saline  solution  has  little  if  any  effect  in 
accelerating  thQ  flow  of  bile,  whereas  a  comparatively  small 
dose  of  Plattner's  crystals  has  a  distinct  effect. 

EXPEBIMENT  IV. 

A  dog  weighing  14  lbs.  was  injected  with  15  cc,  and  after 
an  interval  50  c.c.  of  strong  sulphur  water  (Harrogate)  at  a 
temperature  of  37°  C,    All  the  solutions  were  injected  at  the 
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same  temperature.  This  substance  was  selected  because  in  a 
previous  investigation  it  was  found  to  increase  the  flow  of  bile 
considerably.    (See  Chart  IV.) 

Chart  IV,  shows  after  the  second  injection  a  distinct  and 
sustained  increase  in  the  rate  of  flow.  In  this  case  also  probably 
the  first  dose  was  too  small  to  produce  an  effect. 

From  this  experiment,  one  is  clearly  justified  in  assuming 
that  the  sulphur  water  stimulates  the  secretory  cells  of  the 
liver. 

The  next  point  I  endeavoured  to  determine  was  the  particular 
ingredient  in  the  sulphur  water  which  produced  the  increase  in 
the  rate  of  secretion.  Sulphide  of  soda,  magnesium  chloride, 
aud  barium  chloride  were  tried.    The  results  are  inconclusive. 

Experiment  V. 

A  dog  weighing  15  lbs.  was  injected  with  3  grains  of  sulphide 
of  soda  in  20  c.c.  of  a  09  per  cent,  saline  solution,  and. after  aii 
interval  a  similar  dose  Was  given. 
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Chart  V.  shows  a  distinct  rise  after  the  first  injection  of  the 
soda  salt,  but  on  repeating  the  dose  no  effect  was  observable. 
On  injecting  15  grains  of  magnesium  chloride  the  dog  imme- 
diately died. 
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Experiment  YL 

A  dog  weighing  18  lbs.  was  injected  with  1  grain  of  sodiam 
sulphide  in  10  c.c.  of  saline  solution.  There  was  Only  a  slight 
increase  in  the  rate  of  flow,  but  the  fall  which  normally  occurs 
was  delayed.  On  repeating  the  dose  scarcely  any  effect  was 
noticed.  Two  injections  of  small  doses  of  magnesium  chloride 
had  no  effect.  Then  three-quarters  of  a  grain  of  barium  chloride 
was  used.  The  rise  was  marked,  but  the  dog  succumbed  fifteen 
minutes  after.    (See  Chart  VI. — previous  page.) 

Chart  VI.  shows  the  result  of  two  injections  of  sodium 
sulphide,  two  of  magnesium  chloride,  and  one  of  barium 
chloride. 

I  have  pleasure  in  expressing  my  indebtedness  to  Dr  Brodie 
for  his  valuable  assistance  during  the  experiments. 

The  conclusions  to  be  drawn  from  these  experiments  appear 
to  be: — 

1.  That  stimulation  of  either  vagus  has  no  influence  on  the 
secretion  of  bile. 

2.  That  100  C.C.  of  saline  solution  directly  injected  into  the 
circulation  has  little  or  no  effect  on  the  flow  of  bile. 

3.  That  Plattner's  crystals  and  the  Old  Sulphur  Well  (Harro- 
gate) stimulate  the  secretory  cells  of  the  liver. 

4.  That  the  ingredients  to  which  the  sulphur  water  owes  its 
efficacy  as  a  cholagogue  are  probably  barium  chloride  and 
sulphide  of  sodium. 
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NOTE  ON  A  GKOUP  OF  VARIETIES  OF  THE  PECTORAL 
SHEET  OF  MUSCLK'  By  Thomas  H.  Bkyck.  M.A., 
M.B.,  F.K.S.E. 

The  group  of  anomalous  muscles  which  is  the  text  of  this 
note  was  found  in  a  female  subject  aged  62.  The  left  pectoral 
sheet  was  normally  disposed,  but  on  the  right  side  the  superficial 
manubrial  portion  of  the  pectoralis  major  was  in  great  part 
absent,  and  there  were  present  sternalis,  sterno-clavicularia,  and 
choudro-epitrochlearis  muscles.    The  occurrence  of  such  a  series 


of  varieties  of  the  same  pectoral  sheet  is  uncommon,  aud  I  have 
thought  the  case  worthy  of  being  recorded,  partly  on  this 
account,  hut  also  because  its  features  are  of  theoretical  interest 
in  relation  to  the  morj^ology  of  the  sternalis  and  the  steroo- 
clavicularia. 

'  Be*d  tierore  the  meeting  of  the  Auntemicd  Society  of  Grrat  Britain  and 
Iieland,  28tb  April  1899. 
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The  sterno-davicularis  arose  from  the  side  of  the  manubrium 
sterni,  and  by  tendinous  fibres  from  the  second  costal  cartilage. 
The  outer  part  of  this  tendinous  origin  was  not  attached  to  the 
cartilage,  but  directly  continuous  with  the  upper  tendon  of  the 
stemalis,  presently  to  be  described.  The  muscle  was  attached 
above  to  the  clavicle  along  its  antero-inferior  border,  mainly  by 
fleshy  fibres,  but  at  the  outer  end  by. a  tendinous  portion,  which 
extended  to  the  outer  third  of  the  bone  under  the  deltoid.  The 
greater  part  of  the  muscle  lay  beneath  the  clavicular  head  of 
the  pectoralis  major,  on  the  costo-coracoid  membrane,  but  at  its 
inner  end  it  came  to  the  surface,  owing  to  the  defect  in  the 
great  pectoral.  The  superficial  manubrial  section  of  that  muscle 
was  represented  only  by  a  narrow  band,  which  crossed  the 
surface  of  the  sterno-clavicularis  to  join  the  upper  border  of 
the  muscular  mass  arising  from  the  body  of  the  sternum. 
Between  this  manubrial  band  and  the  clavicular  head  there  was 
a  distinct  interspace,  but  between  it  and  the  gladiolar  section  a 
considerable  triangular  interval  was  left,  in  which,  as  it  were, 
the  normal  superficial  fibres  were  displaced  by  the  deeper 
abnormal  layer.  The  stemalis  had  a  short  muscular  belly, 
2  in.  long  by  J  in.  broad,  between  two  tendons.  The  lower 
tendon  was  attached  to  the  aponeurosis  of  the  external 
oblique,  on  a  level  with  the  seventh  costal  cartilage,  the 
upper  was  in  part  attached  to  the  second  costal  cartilage, 
but  at  its  outer  side  was  continued  directly  into  the  outer  part 
of  the  tendinous  origin  of  the  sterno-clavicularis,  as  described 
above. 

The  chondro-epitrochlearis  arose  from  the  outer  end  of  the 
sixth  costal  cartilage,  and  was  closely  applied  to  the  deep 
surface  of  the  pectoralis  major.  On  reaching  the  arm  it  passed 
downwards  under  the  deep  fascia  to  the  inner  side  of  the  biceps, 
to  be  inserted  into  the  internal  intermuscular  septum,  2  inches 
above  the  internal  epicondyle.  It  was  a  band  f  in.  broad,  and 
remained  fleshy  to  its  insertion ;  usually  the  muscular  fibres  end 
on  a  rounded  tendon,  on  a  level  with  the  insertion  of  the 
pectoralis  major. 

The  nerve  supply  of  the  stemalis  was  not  definitely  ascer- 
tained, as  the  parts  had  been  disturbed  before  my  attention  had 
been  drawn  to  the  muscle,  but  the  sterno-clavicularis  received, 
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on  its  deep  aspect,  a  branch  of  some  size  from  the  external 
anterior  thoracic  nerve. 

In  his  "Catalogue  of  Muscular  Varieties"^  Professor  Mac- 
alister  describes  two  muscles  arising  from  the  first  costal 
cartilage  and  manubrium,  and  inserted  into  the  clavicle — 1st, 
Sapraclavicularis ;  2nd,  Frsedavicularis  medialis.  He  notes  a 
case  in  which  he  found  the  first  associated  with  a  rectus 
stemalis,  a  levator  claviculse,  a  chondro-epitrochlearis,  and  an 
achselbogen, — ^much  the  same  group  of  varieties  as  in  the 
present  case. 

Teatut^  does  not  distinguish  the  two  varieties,  but  describes 
them  both  under  one  heed,  as  stemo-clavicularis  anterior, 
arising  from  the  sternum  below  the  sternal  head  of  the  sterno- 
mastoid,  and  inserted  into  the  inner,  middle,  or  outer  third  of 
of  the  clavicle.  The  muscle  may,  however,  arise  from  the  first 
rib  cartilage,  the  anterior  stemo-clavicular  ligament,  or  the 
Biemal  tendon  of  the  stemo-mastoid  (supraclavicularis  of  Mac- 
aliater),  or  from  the  lower  part  .of  the  manubrium  (Wood),  and 
in  mj  case  it  extends  to  the  second  costal  cartilage.  It  is 
covered  by  the  pectoralis  major,  and  separated  from  the  sub* 
clavius  by  the  costo-coracoid  membrane. 

The  muscle  evidently  represents  a  portion  of  the  deep 
lamella  of  the  pectoral  sheet  arising  from  the  manubrium,  and 
it  is  significant  that  when  present,  either  in  its  single  or  its 
doable  form  (interclavicularis  anterior  digastricus),  there  is 
frequently  a  defect  in  the  pectoralis  major.  In  my  case  it  is 
the  manubrial  portion  that  is  defective,  and  it  looks  as  if  the 
deeper  muscle,  not  usually  present,  had  displaced  the  fibres 
normally  springing  from  the  lower  part  of  the  manubrium  and 
the  second  costal  cartilage.  It  is,  however,  as  a  rule — corre- 
eponding  to  the  more  usual  origin  of  the  sternoclavicular  fibres 
from  the  upper  part  of  the  manubrium  or  first  costal  cartilage — 
the  inner  part  of  the  clavicular  head,  sometimes  including  the 
upper  part  of  the  manubrial  portion,  that  is  wanting,  and  in 
this  case  the  defect  may  be  looked  upon  as  having  the  same 
explanation.8 

*  Trans,  Roy.  Irish  Acad.,  vol.  xxv. 

'  Les  Anomalies  MicsetUatres  chez  Vffomms,  etc.,  1^84. 

'  See  a  case  described  by  Dwight,  Jour,  Anat.  and  Phys,,  vol.  xzii.,  1888,  p.  98. 
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The  stemo-clavicularis  is  therefore,  in  virtue  of  its  position,  a 
''  deep  manubrial  slip,"^  and,  in  virtue  of  its  innervation,  belongs 
to  the  same  category  as  the  pectoralis  minimus,  and  the  other 
sb'ps  described  as  arising  from  the  same  point.  They  may  all 
be  regarded  as  different  forms  of  the  part  of  the  deep  lamella  of 
the  pectoral  sheet,  usually  suppressed  in  man,  arising  from  the 
manubrium,  and  supplied  by  the  external  anterior  thoracic 
nerve. 

So  much  has  been  written  on  the  sternalis,  and  such  general 
interest  taken  in  it,  that  I  need  make  no  comment  on  the 
general  question,  except  to  point  out  the  bearing  of  the  case 
on  Professor  Cunningham's  theory  as  to  the  nature  of  the 
muscle.  He  writes :  ^  '*  the  appearance  of  the  parts  produced  the 
impression  that  the  sternalis  had  been  formed  by  a  deviation  or 
dislocation  of  the  pectoral  fibres  from  above,  downwards  and 
inwards.  The  nerve  of  supply  (external  or  internal  anterior 
thoracic)  is  dragged  inwards  by  the  deviating  fibres,  and  this 
accounts  for  its  great  length.  .  ,  .  But  additional  proof  ...  is 
found  in  the  occasional  recurrent  course  of  the  intercostal 
nerves.  This  suggests  in  the  most  striking  manner  the  prob- 
ability that  the  nerves  have  been  pushed  inwards  by  the 
deviating  fibres.''  Again  referring  to  the  cases  in  which  a 
sternalis  is  associated  with  a  defect  in  the  pectoralis  major 
(in  anencephalic  foetuses),  he  says  :  ^  "  it  is  reasonable  to  suppose 
that  the  gap  is  caused  by  the  abstraction  of  this  portion  of  the 
muscle  to  form  the  sternalis." 

The  case  under  consideration,  so  far  as  it  goes,  tends  distinctly 
to  support  this  theory  as  to  the  nature  of  this  much  described 
muscle ;  and  applying  it  to  the  individual  case,  it  seems  reason- 
able to  conclude  that  the  sterno-clavicularis,  coming  to  the 
surface  on  the  manubrium  and  second  costal  cartilage,  has 
caused  a  displacement  of  the  superficial  fibres  arising  normally 
from  these  parts,  and  that  these  fibres  have  been  dislocated 
downwards  and  inwards  to  form  the  sternalis,  in  the  manner 
suggested  by  Professor  Cunningham. 

^  For  Windle's  subdivision  of  the  pectoral  sheet  accordlDg  to  its  innervation,  see 
his  paper  in  Trans.  Roy.  Irish.  Acad.,  vol.  xxix. 
*  Jour.  AtuU,  and  Phys,,  vol,  xzii.,  1888,  p.  899.         ^    >  Zoc.  cit,,  p.  400, 


UPON  THE   PRESENCE    OF    ADRENAL    STRUCTURES 
IN  THE  INGUINAL  CANAL    By  C.  B.  Lockwood. 

In  my  Hunterian  Lectures  on  "  The  Development  and  Transi- 
tion of  the  Testis/'  ^  I  described  lipomata  of  the  spermatic  cord, 
and  the  specimens  were  placed  in  the  museum  of  St  Bartho- 
lomew's Hospital.^  Similar  growths  have  been  described  by 
Curling,  Stonham,  and  Hutchinson  junior.  Whilst  discussing 
the  production  of  these  lipomata,  I  said  that  in  fcBtuses  it  is 
quite  usual  to  find  that  a  quantity  of  sub«peritoueal  fat  accom- 
panies the  processus  vaginalis  into  the  scrotum.  I  inferred, 
therefore,  that  lipomata  of  the  spermatic  cord  originated  in 
portions  of  the  sub-peritoneal  fat  which  had  accompanied  the 
transition  of  the  processus  vaginalis.  At  this  time  lipomata  of 
the  cord  did  not  seem  to  possess  much  practical  importance,  but 
during  the  past  ten  years  operations  for  the  cure  of  inguinal 
hernia  have  become  the  commonest  operations  that  surgeons  are 
called  upon  to  perform.  Moreover,  I  have  in  cases  of  doubt 
frequently  explored  the  inguinal  canal.  During  these  opera- 
tions small  fatty  tumours  have  often  been  met  with  attached 
to  or  surrounding  the  hernial  sac.  In  the  exploratory  opera- 
tions, the  inguinal  canal  has  frequently  been  found  to  contain  a 
mass  of  fat,  instead  of  a  hernial  sac  such  as  was  expected  to  be 
found.  When  we  consider  that  these  fatty  tumours  are  mis- 
taken for  ruptures,  and  the  patient  condemned  to  the  lifelong 
wearing  of  a  truss,  their  practical  importance  becomes  obvious. 
Whil^  operating  for  the  radical  cure  of  hernia  in  a  little  boy,  a 
congemt^l  hernial  sac  was  met  with  in  the  left  inguinal  canal, 
but  in  addition  a  small  fatty  tumour  was  likewise  present.  The 
latter  was  excised  along  with  the  sac,  and  sent  as  usual  to  the 
pathological  department  for  histological  examination.  As  a 
result,  my  colleague,  Dr  F,  W,  Andrewes,  has  made  sections, 
which  clearly  show  that  the  bodies,  which  had  the  appearance 
of  lobules  of  fat,  were  in  reality  a  number  of  small  adrenal 

1  Joumeil  of  Anatomy  and  Physiology ^  yoI.  zxii.,  1888, 
'  Specimen.  2dl2a, 
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bodies.  Mr  A.  NormaQ  has  made  from  these  sections  some  very 
clear  micro-photK^raphs,  which  are  here  reproduced.  Fig.  1 
gives  a  general  idea  under  a  low  power,  x  25.  The  growth  is 
surrounded  by  a  loose  fibrous  capsule,  in  which  a  few  blood* 
vessels  ran.  Here,  and  there,  upon  l^e  outer  surface  of  this 
capsule,  a  little  adipose  tissue  is  seen,  whilst  from  the  inner 
surface  fibrous  septa  divide  the  small  adrenal  bodies  from  one 
another.  Under  a  higher  power,  x  65,  the  bulk  of  these  minia- 
ture adrenal  bodies  consist  of  a  vast  number  of  cells,  arrauged  in 
groups  which  in  section  are'  wedge-shaped.    The  base  of  the  wedge 


is  in  contact  with  the  fibrous  capsule,  whilst  the  apex  converges 
along  with  all  the  others  towards  the  centre  (fig.  2).  Near  the 
centre  is  a  small  lumen  which  receives  a  number  of  lymph  spaces, 
which  radiate  out  from  it  towards  the  periphery  and  intervene 
betwixt  the  various  columns  of  cells.  The  colmnns  of  cells  are 
likewise  separated  by  a  small  quantity  of  very  delicate  connec- 
tive tissue,  which  is  continuous  with  the  inner  surface  of  the 
fibrous  capsule,  and  makes  a  frame-work  for  the  support  of  the 
cells.  The  latter  consist  of  a  nucleos,  which  is  the  size  of  a 
white  blood  corpuscle,  and  in  addition  a  little  globule  of  fat 
enclosed  in  the  cell  membrane.  The  position  of  the  nucleus 
with  regard  to  the  fat  varies  considerably.     Not  infrequently 


ADEEHAL  STEOCTUBBB  IK  THE  INGUINAL  CANAL.  81 

it  is  attu&ted  at  tbe  periphery  of  the  cell,  and  being  slightly 
Salteatd^prodaaes  tbe  well  known  eiguet-ring  cell.  A  glance  at 
the  Bcaanpttnymg  figures  ahowB  that  we  have  here  to  deal  with 
ft  structure  with  the  vety  closest  resemblance  to  the  adrenal 
bodies.  Altboogh  the  point  is  not  shown  in  the  figure,  because 
a  higher  magnification  ie  required  (Zeiss  D,  eyepiece  3),  the 
fibrous  capsule  has  within  its  substance  a  number  of  small 
loculi  of  cells,  which  are  nucleated  and  laden  with  fat,  but  so 
arranged  as  to  simulata  very  cloself  the  appearance  of  a  scirrhus 
cancer. 

In  volume  xzii  of  the  Journal  of  Anaiomj/  amd  Phyai- 
dogy}  I  described  and  figured  a  specimen  which  throws  light 
npon  the  origin  of  these  adrenal  bodies.     This  gpecimen  was 


Tio.  2. 

obtained  from  a  human  embryo,  which  bad  reached  some- 
where about  tbe  seventh  week  of  intra-uterine  life.  A  very 
complete  and  perfect  series  of  longitudinal  sections  was 
obtained  from  this  embryo.  An  electrotype  was  made  from  a 
micro-photograph  of  one  of  these  sections.  I  am  indebted  to 
my  friend  Mr  Cosens  for  the  trouble  wbicb  he  took  in  makmg 
■  Fige  173,  Bg.  IT. 
VOL.  XXXIV.  (S.8.  VOL.  XIV.)  Q 
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these.  Towards  the  right  of  the  section  is  seen  the  develop- 
ing kidney,  with  its  glomeruli  and  tubules,  and  below  the 
kidney  towards  the  left  a  considerable  length  of  ureter  caa 
be  seen.  Along  the  front  of  the  kidney  is  the  lower  end  of  the 
suprarenal  body,  which  at  this  stage  of  development  is  of 
enormous  size,  larger  than  the  kidney  itself.  (See  also  fig.  47, 
HurUerian  Lectures,  on  the  Development  and  Transition  of  the 
Testis,  by  C.  B.  Lockwood.)  But  the  lower  end  of  the  supra- 
renal body  can  be  distinctly  followed  to  where  its  lower  end  lies 
in  front  of  the  ureter  and  far  below  the  kidney.  This  lower 
part  of  the  suprarenal  body  has  a  very  striking  appearance, 
because  it  contains  numbers  of  glomeruli.  The  lowest  of  these 
glomeruli  are  exceedingly  distinct,  but  the  upper  ones  become 
more  difficult  to  see,  and  are  gradually  lost  in  that  part  of 
the  suprarenal*  body  which  lies  in  front  of  the  kidney.  Other 
sections  of  the  series  show  that  that  which  appears  to  be  a 
glomerular  portion  of  the  suprarenal  body  is,  as  a  matter  of 
fact,  the  upper  part  of  the  Wolffian  body.  Other  sections  show 
that  the  lower  part  of  the  Wolffian  body  is  connected  with  the 
genital  mass,  and  is  in  process  of  conversion  into  the  epididymis, 
or  into  the  parovarium.  Without  waiting  to  discuss  the  light 
which  this  series  of  sections  throws  upon  the  development  of  the 
adrenals  from  the  upper  part  of  the  Wolffian  body,  I  would 
remark  that  it  clearly  proves  that  in  a  human  embryo  the  ad- 
renals reach  much  lower  than  is  generally  thought.  In  fact, 
they  occupy  not  only  the  hilum  of  the  kidney,  but  also  extend 
along  the  course  of  the  ureter  as  far  as  the  ovary  or  testicla 
The  ureter  is  mentioned  because  it  can  be  so  clearly  seen  in  the 
section ;  but  it  would,  perhaps,  be  more  correct  to  say  that  it 
extends  along  the  course  of  the  spermatic  or  ovarian  vessels. 

A  similar  continuity  of  adrenal  body  and  epididymis  was 
also  seen  in  an  older  embryo,  but  in  this  case  the  large  size  of 
the  renal  veins  made  it  more  difficult  to  see.  It  is  hardly 
necessary  to  point  out  what  direct  relation  this  observation  has 
to  the  presence  of  adrenal  structures  in  the  inguinal  canal.  I 
am  not  aware  that  the  significance  of  these  retro-peritoneal 
remains  of  the  Wolffian  body  has  been  pointed  out  The  fre- 
quency with  which  Wolffian  remains  in  the  neighbourhood  of 
the  ovary  gives  origin  to  cysts  would  suggest  that  cysts  might 
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be  derived  from  other  parts  of'it.     In  vol.  xlix.  of  the  Trans- 
actions  of  the  Pathological  Society  of  London  I  described  a  cyst 
which  I  removed  from  the  reto"o-peritoneal  tissue  of  a  young 
woman    aged   20    years.      Th^j  tumour  was  as  large    as    an 
ostrich  egg  or  a  small  cocoa-^ut.     It  lay  in  front  of  the  left 
ureter,  just  below  the  kidney.  VThe  cyst  had  a  spherical  cavity, 
I       filled  with  albuminous  fluid,  ifontaining  a  quantity  of  fibrin, 
!       altered  blood  pigment,  and  cb'c^lesterin.     During  the  removal  of 
I       the  cyst  the  lower  part  of  the  ^t  kidney  and  the  lower  edge  of 
j       the  pancreas  both  came  into  viuw.     But  ovarian  cysts  are  not 
I       always  unilocular,  and  therefore    it  is   not  uninteresting   to 
I       remark  that  I  assisted  my  collfague,  Mr  Bowlby,  to  remove  a 
multilocular  retro-peritoneal  cy4t.     The  patient  was  a  middle- 
aged  woman,  and,  strangely  enough,  the  cyst  was  situated  in 
exactly  the  same  place  as  the  c,^e  which  I  have  just  des3ribed ; 
that  is  to   say,  it   lay  upon  %he  left  ureter,  just  below  the 
Idduey.     Referring  again  to  the  micro-photograph,  it  is  to  be 
noticed  that  lying  close  in  front  of  the  glomerular  part  of  the 
snprarenal  body  is  the  developing  pancreas  ;  indeed,  the  organs 
are  80  close  together,  they  are  merely  separated  in  the  section 
I       by  a  large  mesenteric  vein.     The  cyst  originating  in  the  glo- 
merular part  of  the  suprarenal  body  would  of  necessity  push 
forward  the  pancreas,  and  I  should  hardly  doubt  but  that  in 
I       this  way  a  certain  number  of  unilocular  and  multilocular  pan- 
creatic cysts  may  be  explained. 
^  Sometime  ago,  Dr  RoUeston    demonstrated    adrenal  struc- 

j       tures  low  down  in  the  hilum  of  the  kidney.     My  observation 
proves  that  they  are  to  be  found  far  lower,  and  I  venture  to 
'       prophesy  that  they  will  ultimately  be  found  round  or  within 
the  epididymis  itself. 

Furthermore,  at  the  earliest  stages  of  development,  the  lower 
end  of  the  Wolffian  body  is  separated  from  that  which  ulti- 
mately becomes  the  urinary  bladder  by  an  inappreciable  interval, 
and  I  would  suggest  that  in  this  fact  we  may  ultimately  find 
the  explanation  of  certain  curious  growths  which  seem  to  have 
originated  betwixt  the  bladder  and  the  rectum. 
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SOME  EXPERIMENTS  ON  fcoNE,  WITH  METHODS  OF 
DEMONSTRATING  THaCANALICULI.  By  Walter 
OoLQUHOUN,  M.A.,  M.B.,  cJll.,  AsMtafU  to  the  Professor  of 
Physiology  in  Glasgow  University, 

About  four  years  ago,  when  anstudent  in  Gla^ow  University, 
I  began  to  experiment  on  Ix^ne,  with  a  view  to  gain  some 
information  as  to  its  mode  if  nutrition,  and  a  more  definite 
knowledge  of  the  minute  stricture  and  arrangement  of  its 
canalicuU.  My  idea  was  to  approach  the  subject  by  endeavour- 
ing to  pass  stains  through  th^l  bone  without  decalcification,  so 
that  only  the  soft  parts  wouldl^come  stained,  and  that  by  the 
natural  channels.  In  a  couple"  ^f  months  I  had  succeeded  not 
ouly  in  passing  any  fluid  throiigh  bone,  but  also  in  filling  (or 
staiuing)  the  canaliculi  with  various  precipitates. 

The  experiments  were  begun  by  soaking  thin  slices  of  bone 
in  various  staining  fluids,  but  it  was  found  that  there  was 
practically  no  penetration  by  the  natural  channels,  even  after 
considerable  intervals  of  time.  My  next  experiments  were 
made  by  boring  holes  in  the  cancellated  bone  of  the  head  of 
the  femur,  and  allowing  the  bone  to  remain  exposed  to  the  air 
while  the  holes  were  kept  filled  with  stain.  The  stains  (picro- 
carmine,  eosin,  saffranin,  etc.)  were  found  after  some  time  to 
have  diffused  themselves  through  areas  surrounding  the  holes, 
and  those  areas  were  cut  into  slices,  which  were  dehydrated, 
passed  through  oil  of  cloves,  then  through  Canada  balsam  in 
benzole,  after  which  they  were  transferred  to  slides  with  some 
thick  Canada  balsam,  and  were  left  in  a  drying  oven  until 
the  balsam  was  perfectly  hard,  and  in  a  condition  for  grind- 
ing. After  grinding,  the  sections  showed  that  the  stain 
had  passed  through  the  canaliculi,  and  that  all  the  nuclei  of 
the  bone  corpuscles  weje  stained.  The  outlines  of  the  canaliculi 
were,  however,  very  faintly  indicated.  These  experiments  indi- 
cated the  means  by  which  fluids  could  be  passed  through  bone, 
and  the  next  step  was  to  arrange  glass  tubing  in  lengths  of 
about  12  feet  up  the  wall  of  the  laboratory.    To  the  bottom  of 
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each  of  these  lengths  of  glass  tubing  a  bone,  such  as  the  tibia 
of  a  sheep,  was  fastened  by  means  of  wide  rubber  tubing  and 
india-rubber  cork,  after  one  end  had  been  sawn  off,  and  the 
medullary  cavity  cleaned  out.  The  periosteum  was  also  stripped, 
and  any  openings  observed  on  the  outside  of  the  bone  were 
plumed  by  small  wooden  pegs.  The  length  of  tubing  was  then 
filled  with  staining  solution  containing  a  little  antiseptic,  and 
the  bone  was  left  exposed  to  the  warm  air  of  the  room,  so  that 
as  it  lost  moisture  from  the  outside,  the  stain  would  be  sucked 
in  by  the  natural  channels.  The  experiments,  after  a  lapse  of 
time  of  about  a  mouth,  succeeded  perfectly,  and  all  the  nuclei 
of  the  bone  were  found  stained,  as  also  was  the  lining  membrane 
of  the  canals,  which  in  transverse  section  appeared  homogeneous 
with  sharp  double  outline,  an  appearance  similar  to  that  shown 
iu  section  by  the  lining  of  a  lacuna.  Where  the  lining  mem- 
brane of  spaces  or  canals  happened  to  become  torn  or  rubbed 
off  iu  spoilt  sections  which  had  not  been  sufficiently  hardened, 
it  showed  iu  irregular  patches,  with  apparently  no  preference  for 
teariug  in  any  particular  direction.  The  matrix  of  the  bone 
was  quite  unstained,  and  the  outlines  of  the  canaliculi  were  very 
faint. 

All  my  sections  were  made  by  grinding  after  permeation  by 
Canada  balsam,  and  they  brought  out  very  well  the  dense  layer 
of  calcified  cartilage  under  the  articular  cartilage.  This  layer 
showed  in  my  specimens  rows  of  bodies  perfectly  black  and 
opaque,  four  or  five  deep,  arranged  perpendicularly  to  the 
articular  surface.  On  examination  by  reflected  light,  the  bodies 
showed  as  white  cells  of  oval  shape,  lying  in  a  dense  matrix. 
No  processes  in  most  cases  could  be  detected,  and  the  appear- 
ance was  due  to  the  fact  that  the  cavities  in  which  the  cells  lie 
was  not  permeated  by  the  Canada  balsam,  and  being  broken 
into  in  the  process  of  grinding,  the  water  used  in  that  process 
penetrated  the  cavities,  and  led  to  the  black  opaque  appearance. 
A  point  in  which  I  was  much  interested,  namely,  the  mode  of 
nutrition  of  the  articular  cartilage,  I  have  not  been  able  to 
settle  to  my  satisfaction.  In  all  my  experiments  I  have  found 
it  easy  to  get  stain  into  the  articular  cartilage  from  the  outside, 
but  almost  impossible  to  get  any  into  it  from  the  bone.  The 
calcified  cartilage  below  the  articular  cartilage  is  very  dense, 
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and  its  nutrient  arrangement  is  not  at  all  well  marked.  The 
idea  suggested  itself  to  me  that  the  nutrition  of  the  articular 
cartilage  may  be  due  mostly,  if  not  entirely,  to  the  synovial  fluid 
of  the  joint.  The  continual  change  of  pressure  would  help  the 
circulation  very  much,  by  setting  up  a  pumping  action  by  alter- 
nate compression  and  relaxation  of  areas  of  cartilage.  The 
tendency  to  the  formation  of  cartilage  in  joint  cavities  contain- 
ing that  fluid  is  well  known  pathologically,  and  a  study  of  the 
situation,  connections,  and  state  of  nourishment  of  such  bodies 
might  throw  light  on  the  subject. 

After  finding  that  I  could  make  any  fluid  permeate  bone,  my 
next  step  was  to  remedy  the  faint  staining  of  the  canaliculi, 
and  I  determined  to  do  so  by  using  first  a  fixing  fluid  of  pene- 
trating power,  to  be  followed  by  a  fluid  which  would  combine 
chemically  with  it  and  form  a  precipitate  in  the  tissues.  As  in 
the  former  experiments,  I  worked  first  with  slices  of  bone,  since, 
although  a  staining  fluid  would  not  penetrate  bone  on  prolonged 
soaking,  there  was  no  reason  why  chemical  action  should  not 
have  a  penetrating  efiect.  I  used  first  bichromate  of  potash  in 
3  per  cent,  solution,  with  J  per  cent,  osmic  acid,  as  fixing  fluid, 
but  the  osmic  acid  is  not  absolutely  necessary,  and  the  bichro- 
mate solution  gives  good  enough  results  alone.  The  slice  of  bone 
was  soon  permeated  by  the  fixing  fluid,  a  few  days  being  sufficient 
as  a  rule ;  and  after  grinding  one  side  fairly  smooth,  the  slice 
was  transferred  to  1  per  cent,  silver  nitrate  solution,  and  allowed 
to  soak  in  a  place  screened  from  the  light.  After  a  week  or 
two  the  slice  was  permeated  with  Canada  balsam,  placed  on  a 
slide  with  the  smooth  surface  down,  dried  in  an  oven  and  ground. 
It  was  found  on  grinding  that  the  silver  solution  had  penetrated 
only  a  certain  number  of  layers  of  canaliculi ;  and  when  the  grind- 
ing had  reached  the  permeated  layers  next  the  slide,  the  section 
was  quickly  heated  to  soften  the  balsam,  and  then  turned.  The 
grinding  was  then  continued  until  the  section  was  a  little  thicker 
than  one  layer  of  corpuscles.  In  these  preparations  all  the 
corpuscles  and  canaliculi  were  found  stained  black.  Other 
fluids  for  fixing  and  staining  were  used,  the  only  necessary 
conditions  being  that  the  fixing  fluid  must  penetrate,  and  the 
second  fluid  form  a  dark  precipitate  with  it.  Thus  mercuric 
chloride  may  be  used  to  fix  and  dilute  ammonium  sulphide  to 
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follow  it  Some  of  the  slices  were  decalcified  by  a  mixture  of 
acetic  and  chromic  acids,  so  that  thin  slices  could  be  obtained  hj 
cutting. 

Manj  of  the  ground  specimens  were  very  instructive.    Thus 
in  some  places  the  corpuscles,  surrounded  by  their  capsules, 
were  torn  out  of  their  beds  in  the  bone,  the  bed  being  indicated 
bj  an  ellipse  of  different  shading  from  the  surrounding  matrix. 
From  the  capsule  appeared,  sticking  out,  short  processes,  so  that 
the  corpuscle  appeared  like  a  small  hedgehog.     In  other  places 
transverse  sections  of  processes  showed  clearly,  under  a  power 
of  750  diameters,  a  black  centre,  surrounded  by  a  double  out- 
line sharply  defined,  showing  an  appearance  such  as  that  dis- 
played by  a  section  through  the  capsule  of  a  corpuscle,  or  the 
lining  of  a  canal.     In  sections  which  showed  that  the  cell  sub- 
stance was  shrunken,  and  did  not  fill  the  lacunse  where  they  had 
been  cut  across,  the  large  complete  capsule  could  be  seen  in  other 
parts  torn  out  of  its  place,  with  the  processes  sticking  out  from 
il    All  this  seemed  to  indicate  to  me  very  clearly  that  there  is 
a  continuity  between   the  lining  membranes  of  canals,  spaces, 
canaliculi,  and  lacunae,  and  that  what  we  call  processes  of  the 
bone  corpuscle  are  in  reality  hollow  tubes,  which  are  prolonga- 
tions of   the  capsule*    The  canaliculi,  which  at  one  moment 
appear  quite  black,  appear  on  the  next  instant  as  smooth  glisten- 
ing tubes  on  change  of  focus,  and  more  particularly  so  where 
partial  use  is  made  of  reflected  light    The  very  methods  which 
I  had  to  take  to  stain  the  bone  also  point  to  the  same  conclu- 
sion.   The  canaliculi  are  very  numerous  on  the  borders  of  a 
canal,  and  one  is  lucky  enough  sometimes  to  see,  where  a  canal 
Uniug  has  been  shaved  in  longitudinal  section,  the  black  dots 
indicating  their  mouths.     The  same  black  dots  are  seen  where 
processes  have  been  shaved  off  from  the  capsule  of  a  corpuscle 
which  forms  the  lining  of  its  lacuna.     The  silver  nitrate  method 
penetrates  the  layer  of  calcified  cartilage  below  the  articular 
cartilage  very  well,  and  brings  out  a  lamellar  arrangement 
parallel  to  the  surface  of  the  articular  cartilage.    The  lamellae  are 
much  wider  than  those  of  bone,  and  indicate,  I  take  it,  successive 
layers  of  matrix,  each  layer  varying  in  density  and  degree  of 
calcification  throughout  its   thickness,  following  a  somewhat 
regular  plan,  as  shown  by  the  graded  shading.    Without  waiting 
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for  permeation  by  silrer  nitrate,  a  beautiful  specimen  showing 
the  lamellae  of  bone  may  be  obtained  by  the  bichromate  of  potash 
and  silver  method.  The  action  of  the  silver  is  allowed  to  go 
very  little  beyond  the  smooth  surface  of  the  section.  That 
surface  receives  a  few  rubs  on  a  smooth  hone  to  remove  the 
dead  black  from  it,  and  being  placed  next  the  slide,  the  section 
is  ground  down  to  it.  The  interstitial  substance  between  the 
lamellae  takes  the  stain  the  most. 

To  return  to  the  nutrition  of   bone,  it  seems  to  depend, 
judging  from  the  method  of  permeation  by  fluids,  on  the  demand 
for  fluid  by  the  protoplasmic  lining  of  the  system  of  passages 
in  the  first  place,  and  possibly  on  a  protrusion  or  withdrawal  of 
cell  processes  in  the  second  place.    Of  the  latter  occurrence, 
however,  I  have  no  proof,  and  it  seems  to  me  quite  unnecessary 
to  assume  a  permanent  protrusion  of  solid  processes,  such  as 
may  be  seen  given  off  from  osteoblasts  in  the  formation  of  bone, 
any  more  than  it  would  be  reasonable  to  assume  the  permanent 
impermeability  of  a  process  which  may  become  hollowed  out  in 
the  formation  of  a  blood  capillary.    It  is  quite  possible  that,  in 
the  fresh  state,  the  canaliculi  may  have  more  of  the  character 
of  solid  processes,  but  my  contention  is  that  at  any  rate  they 
are  potentially  tubular,  and  that  there  is  such  a  close  connection 
between  the  external  surface  of  the  process  and  the  matrix  with 
which  it  is  in  contact  that,  at  any  rate  after  my  manipulations, 
many  of  the  processes  show  as  tubes.     The  anastomoses  which 
one  notices  also  suggest  the  idea  of  hollow  passages  rather  than 
solid  processes.    In  a  transverse  section,  if  one  regards  the  first 
circle  of  corpuscles,  possibly  four  or  five  in  number,  surrounding 
a  Haversian  canal,  one  notices  that  the  outline  of  the  circle  is 
quite  definite,  owing  to  anastomoses  between  the  processes  of 
corpuscles  forming  the  second  circle  and  those  of  corpuscles 
forming  the  first.    The  bodies  of  the  corpuscles  form  a  small 
proportion  of  the  circumference  of  the  first  circle,  and  yet  it 
is  so  definitely  traced  out  that  it  almost  presents  the  appear- 
ance sometimes  of  a  circular  canal,  into  which  processes  are 
opening  on  each  side.    By  processes  here,  I  mean  of  course 
what  I  consider  to  be  tubular  prolongations  of  the  lining  of  the 
lacunae. 

It  is  interesting  to  consider  the  influences  which,  in  my 
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experiments  of  passing  fluid  through  bone,  would  tend  to  open 
or  close  the  tiny  mouths  of  the  canaliculi  opening  into  the 
canala  Loss  of  moisture,  for  example,  by  making  lining  mem- 
branes less  swollen,  and  by  causing  retraction  of  processes,  if 
there  really  are  semi-fluid  processes  in  the  tubular  prolonga- 
tions of  the  corpuscular  capsules,  would  cause  opening  of  the 
ostia  and  passage  of  fluid.  Pressure,  on  the  other  hand,  by 
flattening  a  cushion^Iike  membrane,  would  tend  to  close  the 
ostia,  and  hence  I  depended  on  the  slight  pressure  I  used  to 
cause  passage  of  the  fluid  only,  in  conjunction  with  the  drying 
which  caused  a  demand  for  it. 

It  will  have  been  noted  that  although  I  could  not  get  stains 
to  penetrate  bone  by  soaking,  yet  where  I  used  a  fixing  fluid  of 
penetrating  power,  followed  by  a  fluid  which  combined  chemi- 
cally with  it,  I  got  sufGcient  penetration  of  the  latter  for  my 
purpose.  As  I  have  shown  how  to  pass  any  fluid  through  bone, 
it  follows  that  silver  nitrate  solution  can  be  passed  through  a 
whole  bone  by  the  combination  of  pressure  and  drying,  and  that 
it  may  then  be  followed  by  bichromate  of  potash  solution. 
Sections  may  then  be  cut  and  ground,  or  the  bone  may  be 
decalcified  by  reagents,  which  will  not  dissolve  the  precipitjite, 
for  the  purpose  of  cutting  sections.  For  example,  at  the 
present  moment  I  am  engaged  in  passing  gold  chloride  solution 
through  a  sheep's  tibia,  and  I  intend  to  decalcify  thin  slices 
afterwards  by  a  mixture  of  formic  acid  with  some  ferrous  sul- 
phate. I  hope  in  this  way  to  obtain  a  finer  coloration  than 
ihat  given  by  silver  nitrate. 

A  great  deal  remains  to  be  done  yet  at  the  subject,  and  I  am 
resuming  investigations  after  allowing  the  matter  to  rest  for 
some  time.  In  what  has  been  done,  I  have  to  acknowledge  my 
indebtedness  to  Professors  Cleland  and  M'Eendrick  for  their 
kindly  encouragement. 


THE  CAETILAGES  OF  THE  MONOTEEME  LAEYNX.  By 
Johnson  Symington,  M.D.,  Professor  of  Anatomy,  Queers 
College,  Belfast.    (Plates  VII.-IX.) 

As  the  generally  accepted  views  regarding  the  phyiogeny  of  the 
cartilages  of  the  mammalian  larynx  are  based  to  a  large  extent 
upon  the  peculiarities  in  the  form,  connections,  and  structure  of 
these  cartilages  in  the  Montremata,  it  is  evident  that  an  accurate 
knowledge  of  the  anatomy  of  these  cartilages  is  of  fundamental 
importance. 

Notwithstandiug  the  contributions  to  this  subject  of  Wieder- 
sheim,^  Dubois,*  Walker,'  Gegenbaur,*  and  Goppert,*  there 
are  still,  I  believe,  various  important  points  which  have  been 
inaccurately  described  or  overlooked.  This  is  partly  due  to  the 
circumstance  that  the  material  at  the  disposal  of  those  ob- 
servers was  small  in  amount,  and  generally  imperfectly  pre- 
served. Further,  the  method  of  examination  has  been  to  a 
large  extent  confined  to  ordinary  dissections,  while  the  larynx 
both  in  the  Echidna  and  in  the  Ornithorhynchus  is  so  small  that 
various  points  in  the  anatomy  of  the  organ  cannot  be  properly 
determined  without  the  aid  afforded  by  serial  microscopic 
sections. 

In  addition  to  the  dissection  of  an  adult  Ornithorhynchus 
and  of  an  adult  Echidna,  I  have  mounted  a  complete  set  of 
serial  sections  of  a  young  Echidna  and  of  an  adult  Ornitho- 
rhynchus. I  am  greatly  indebted  to  my  friend  Dr  Gregg  Wilson 
for  generously  placing  at  my  disposal  the  two  specimens  of 
Echidna.  The  young  Echidna,  measured  in  a  straight  line  from 
the  front  of  the  head  to  the  most  posterior  part  of  the  trunk, 
was  8  "3  cm.  long.     Its  body,  however,  was  considerably  curved 

^  Orundriss  der  vergl,  AncUomie  der  JFirheUiere, 
^  **Zur  Morphologic  des  Larynx,"  ATuUomiscTier  Anxeiger,  1886. 
'  *'  On  the  Larynx  and  Hyoid  of  Monotremata," — Studies  from  the  Mnseum  of 
Zoology  in  University  College,  Dundee,  vol.  i.  No.  3,  1889. 

*  Die  EpigloUis,  1892. 

•  ''Ueberdie  Herkunft  des  Wrisberg'schen  Knorpel,"  MarpJiologiaehes  Jahr- 
buehy  Bd.  21. 
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downwards  in  front  and  behind,  so  that  along  the  median  dorsal 
line  from  the  tip  of  the  nose  to  the  end  of  the  tail  its  length  was 
17'5  cm.  The  body  was  naked,  the  hairs  and  spines  not  yet 
having  commenced  to  project  from  the  surface. 

In  all  my  specimens  the  larynx  was  removed  with  a  portion 
of  the  tongue,  trachea,  and  pharynx.  In  the  adult  Echidna  the 
distance  from  the  tip  of  the  epiglottis  to  the  posterior  end  of  the 
cricoid  was  14  mm. ;  in  the  young  specimen  the  length  of  the 
larynx  after  being  embedded  in  paraffin  was  4'5  mm.  Allowing 
for  some  shrinking  during  the  process,  it  was  probably  rather 
more  than  a  third  of  the  length  of  the  adult  organ.  The  larynx 
of  the  Oruithorhynchus  is  about  the  same  size  as  that  of  jElchidna. 
In  my  adult  male  it  was  1*5  cm.  long,  and  in  the  female  1*3  cm. 

Thyroid  Cartilage. — Undoubtedly  the  most  important  and 
interesting  discovery  in  connection  with  the  skeleton  of  the 
monotreme  larynx  was  that  made  by  Prof.  E.  Dubois.  He 
found  both  in  Echidna  and  Omithorhynchus  that  the  thyroid 
coDsisted  of  a  small  median  piece,  which  was  connected  with 
two  long  and  well  developed  pairs  of  cornua.  The  direction  of 
these  cornua  was  practically  parallel  with  the  posterior  cornua 
of  the  hyoid,  all  of  them  passing  from  the  ventral  surface  round 
the  aides  of  the  larynx  with  a  distinct  caudad  inclination.  From 
the  appearance  of  the  thyroid  in  the  monotremes,  Dubois  based 
his  theory  that  the  mammalian  thyroid  is  derived  from  the 
fusion  of  the  cartilages  of  two  pairs  of  visceral  arches  with  one 
another,  and  with  a  median  copula,  or  rather  two  copulse.  The 
arches  involved  in  this  process  are  those  immediately  posterior 
to  the  hyoids,  viz.,  the  fourth  and  fifth  post-oral.  In  his  de- 
scription Dubois  states  definitely  that  these  five  or  six  elements 
are  continuous  with  one  another,  so  as  to  form  a  single  cartila- 
ginous mass,  but  his  illustration  of  the  larynx  of  the  Omitho- 
rhynchus seen  from  the  ventral  aspect  (see  his  fig.  7)  might  lead 
one  to  suppose  that  the  median  part  was  distinct  from  the  horns. 
It  is  shaded  differently,  and  separated  from  them  by  a  fine  line. 
Miss  Mary  Walker  ^  in  her  paper  describes  and  figures  the  larynx 
of  both  Echidna  and  Omithorhynchus  as  though  the  cornua 
.were  not  directly  continuous  with  the  copula,  but  articulated 
with  it  much  in  the  same  way  as  the  two  horns  of  the  hyoid 
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the  portal  vein  and  depressing  the  action  of  the  hepatic  cells ; 
or  (5)  by  stimulating  the  intestinal  glands,  and  thus  producing 
drainage  of  the  portal  system,  whereby  the  loaded  liver  might 
possibly  be  relieved." 

Doubtless  some  drugs  act  by  stimulating  the  muscular  coat  of 
the  bile  ducts  and  the  intestinal  mucosa,  while  others  may  act 
both  on  the  bile  ducts  and  the  liver  cells.  I  tried  to  ascertain 
if  the  secretion  of  bile  would  be  affected  by  injecting  certain 
drugs  in  solution  directly  into  the  circulation.  If  a  drug 
injected  into  the  external  jugular  vein  increased  the  secretion 
of  bile,  the  deduction,  I  think,  would  be  that  it  stimulated  the 
secretory  cells  of  the  liver. 

Experiment  III. 

A  dog  weighing  33  lbs.  was  put  under  ether.  The  capillary 
tube  having  been  connected  with  the  common  bile  duct  in  the 
usual  way,  a  cannula  was  inserted  into  the  external  jugular  vein, 
and  the  vein  clamped  below  the  insertion  of  the  cannula.  To 
save  repetition,  it  may  be  stated  that  the  subsequent  experi- 
ments were  carried  out  in  a  similar  manner.  Fifty  c.c.  of  0*9  per 
cent,  chloride  of  sodium  solution  was  injected  into  the  vein,  the 
dose  being  repeated  after  an  interval  of  one  hour.  Afterwards 
a  solution  of  Flattner's  crystals  was  injected,  and  repeated  after 
.a  further  interval.    (See  Chart  III.) 

Chart  III.  shows  a  slight  but  unsustained  increase  after  the 
first  saline  injection,  and  a  distinct  increase  after  the  second 
injectiQn,  of  Flattner's  crystals.  Probably  the  first  injection  of 
Plattner's  crystals  was  too  small  to  have  an  effect 

It  is  evident  from  this  experiment  that  the  injection  into  the 
circulation  of  100  c.c.  saline  solution  has  little  if  any  effect  in 
accelerating  thQ  flow  of  bile,  whereas  a  comparatively  small 
dose  of  Plattner's  crystals  has  a  distinct  effect. 

Experiment  IV. 

A  dog  weighing  14  lbs.  was  injected  with  15  c.c,  and  after 
an  interval  50  c.c.  of  strong  sulphur  water  (Harrogate)  at  a 
temperature  of  ZT  C,    All  the  solutions  were  injected  at  the 
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same  temperature.  This  substance  was  selected  because  in  a 
previous  investigation  it  was  found  to  increase  the  flow  of  bile 
considerably.    (See  Chart  IV.) 

Chart  IV,  shows  after  the  second  injection  a  distinct  and 
sustained  increase  in  the  rate  of  flow.  In  this  case  also  probably 
the  first  dose  was  too  small  to  produce  an  effect. 

From  this  experiment,  one  is  clearly  justified  in  assuming 
that  the  sulphur  water  stimulates  the  secretory  cells  of  the 
liver. 

The  next  point  I  endeavoured  to  determine  was  the  particular 
ingredient  in  the  sulphur  water  which  produced  the  increase  in 
the  rate  of  secretion.  Sulphide  of  soda,  magnesium  chloride, 
aud  barium  chloride  were  tried.     The  results  are  inconclusive. 

Experiment  V. 

A  dog  weighing  15  lbs.  was  injected  with  3  grains  of  sulphide 
of  soda  in  20  c.c.  of  a  0*9  per  cent,  saline  solution,  andafter  aii 
iuterval  a  similar  dose  Was  given. 
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Chart  V.  shows  a  distinct  rise  after  the  first  injection  of  the 
soda  salt,  but  on  repeating  the  dose  no  effect  was  observable. 
On  injecting  15  grains  of  magnesium  chloride  the  dog  imme- 
diately died. 
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elastic  fibres  traversing  the  cartilage  in  all  directions  (Fl.  YII. 
figs.  1,  2).  A  considerable  number  of  the  serial  sections  of  the 
adult  Omithorbynchus  were  stained  in  the  same  way  and  gave 
similar  results.  The  elastic  fibres  were  larger  and  more  abun- 
dant near  the  surface  of  the  cartilage,  but  fine  fibres  could 
be  traced  round  the  cells  in  the  centre  of  the  cartilage.  It  Ib 
generally  admitted  that  orcein  is  the  best  and  most  reliable  test 
for  the  presence  of  elastic  fibres.  When  the  tissue  has  not  been 
properly  fixed,  it  is  often  impossible  to  stain  these  fibres  with 
either  picric  acid  or  orcein.  The  failure  of  Oegenbaur  to  detect 
any  elastic  fibres  in  the  epiglottis  must  have  been  due  to  the 
imperfect  preservation  of  his  specimens.  Those  who  have 
investigated  the  minute  structure  of  the  marsupial  and  mono- 
treme  tissues  are  only  too  familiar  with  the  difficulty  of  obtaiu- 
ing  well  fixed  material. 

It  is  well  known  that  in  the  adult  human  subject  small 
islands  of  hyaline  cartilage  are  often  found  in  the  epiglottis  and 
the  cartilage  of  the  external  ear,  and  I  have  noticed  well 
defined  patches  of  hyaline  cartilage  in  the  cetacean  epiglottis. 
In  none  of  the  three  specimens  of  the  monotreme  epiglottis  that 
I  examined  could  I  detect  any  such  islands.  This  certainly 
favours  the  hypothesis  that  this  formation  of  hyaline  cartilage 
is  a  secondary  product,  and  not  the  remains  of  a  phylogenetic 
hyaline  epiglottis. 

The  interesting  problem  raised  by  Gegenbaur  as  to  the  morpho- 
logical significance  to  be  attached  to  the  histological  structure 
of  an  organ,  is  one  which  in  the  present  state  of  our  knowledge 
cannot  be  adequately  discussed.  We  know  too  little  of  the 
causes  that  give  rise  to  a  difierentiation  of  the  germ  layers  into 
the  various  tissues  of  the  body,  and  of  the  influences  that 
modify  the  structure  of  corresponding  organs  in  difierent 
animals.  Even  with  regard  to  the  development  of  the  various 
kinds  of  cartilage,  authorities  are  by  no  means  agreed.  Some 
consider  that  the  elastic  fibres  of  elastic  cartilage  are  a  secondaiy 
product  derived  from  a  hyaline  intercellular  substance.  Accord- 
ing to  more  recent  investigations,  especially  those  of  Spuler,^ 
the  elastic  material  is  derived  direct  from  the  protoplasmic 

^  ''Ueber  Baa  nnd  Entstehimg  des  elastuchen  Enorpels,"  Sitxun^hefickUder 
Fhy9ik.-medicin,  Soc,  in  Erlaogen,  27  Heft,  1895. 
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processes  of  the  cartilage  cells.  If  this  be  true,  elastic  cartilage 
is  not  a  mere  secondary  modification  of  hyaline  cartilage,  but  is 
ontologically  a  distinct  tissue. 

In  the  case  of  the  mammalian  epiglottis  the  structure  of  its 
cartilage  may  fairly  be  considered  of  phylogenetic  importance. 
As  all  the  branchial  arches  are  composed  of  hyaline  cartilage, 
we  might  reasonably  expect  that  any  structure  derived  from 
them  would  possess,  both  in  its  ontogeny  and  phylogeny,  a 
hjalme  structure.  On  the  other  hand,  should  it  differ  in  its 
texture  from  all  the  well  known  derivatives  of  these  arches, 
we  are  entitled  to  suspect  a  dififerent  mode  of  origin.  It  appears 
to  me,  therefore,  that  the  structure  of  the  epiglottis  is  strongly 
opposed  to  Gregenbaur's  theory  of  its  being  a  derivation  of  a 
visceral  arch. 

Eallius^  directs  attention  to  the  fact  that  the  cartilage  of 
the  epiglottis  differs  from  all  the  other  great  cartilages  of  the 
larynx  in  its  late  appearance.  If  it  were  formed  from  a 
branchial  arch  we  should  expect  it  to  appear  about  the  same 
time  as  the  other  derivatives  of  these  arches.  Its  late  develop- 
meut  might  be  used  as  an  argument  in  support  of  Dubois' 
hypothesis  that  it  is  a  new  formation. 

The  second  main  point  advanced  by  Gegenbaur  in  support  of 
his  theory  is,  that  the  epiglottis  is  essentially  a  paired  organ. 
He  admits  that  the  upper  part  of  the  cartilage  of  the  epiglottis 
lying  in  the  free  fold  of  mucous  membrane  is  a  single  piece,  but 
he  gives  an  illustration  of  the  epiglottis  of  the  Ornithorhynchus 
(see  fig.  viiL)  to  show  that  each  half  is  concave,  and  thus  shows 
a  certain  independence.  Fig  ix.,  in  his  memoir,  representing 
two  transverse  sections  of  the  epiglottis  in  the  Ornithorhynchus, 
in  each  of  which  the  cartilage  consists  of  two  lateral  plates 
separated  by  a  narrow  interval,  is  apt  to  convey  a  false  im- 
pression as  to  the  extent  to  which  the  epiglottis  is  divided. 
The  figure  given  by  Goppert^  of  this  cartilage  in  the  Echidna, 
in  which  it  has  been  removed  from  the  larynx  and  spread  out 
on  a  flat  surface,  is  much  more  satisfactory.  In  both  the  mono- 
tremes  fully  three-fourths  of  the  cartilage  is  single,  only  about 
the  lower  fourth  being  divided.  I  believe  this  basal  division 
must  be  associated  with  the  form  of  the  laryngeal  aperture, 

^  Op.  eiL  "^  Op,  cit, 

VOL.  XXXIV.  (N.S.  vol.  XIV.)  H 
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which  is  a  median  cleft,  bounded  ventrally  by  the  anterior  part 
of  the  thyroid  cartilage.  The  epiglottis  lies  almost  entirely 
above  this  opening,  but  the  two  processes  at  its  base  extend  into 
the  lateral  walls  of  the  aperture.  In  the  Echidna  the  apex  of 
the  epiglottic  cartilage  has  a  slight  median  notch,  but  this  is 
absent  in  the  Ornitborhynchus. 

In  the  Marsupialia,  the  epiglottis,  as  Gegenbaur  himself  admits, 
shows  at  its  base  no  trace  of  a  division.  It  rests  directly  upon 
the  anterior  border  of  the  thyroid,  and  takes  no  share  in  the 
formation  of  the  lateral  walls  of  the  laryngeal  orifice.  Gegen- 
baur gives  several  illustrations  of  a  basal  division  of  the 
epiglottis  in  the  Eodentia.  I  believe  this  is  merely  a  secondary 
extension  of  the  basal  portion  of  the  epiglottis  into  the  lateral 
walls  of  the  larynx.  In  probably  the  great  majority  of 
mammals  the  base  of  the  epiglottis  is  broad  and  flat,  or  shows  a 
median  process  directed  backwards  towards  the  thyroid. 

Kallius,^  in  describing  the  development  of  the  human  epiglottis, 
writes  as  follows : — 

**  Bei  ihr  ist  an  keiner  Stelle  irgend  welche  Andeutung  einer 
paarigen  Anlage  zu  sehen  "  (s.  346). 

The  evidence  derived  from  comparative  anatomy  and  from 
development  appears  to  me  to  show  that  the  cartils^e  of  the 
epiglottis  is  an  unpaired  median  structure,  and  gives  no  support 
to  Gegenbaur's  theory  that  it  is  derived  from  the  union  of  two 
lateral  elements.  If  it  were  formed  from  the  6th  arch,  one 
would  expect  to  find  some  evidence  of  a  connection  with  the 
caudal  end  of  the  thyroid,  yet  even  in  such  low  forms  as  the 
marsupials  it  rests  upon  the  cranial  border  of  the  thyroid,  and 
does  not  extend  on  to  its  ventral  surface.  It  is  true  that  the 
branchial  arches  tend  to  overlap  one  another  from  before  back- 
wards, but  in  no  other  case  is  there  any  proof  of  one  arch  shift- 
ing its  position  so  far  forwards  as  to  lie  anterior  to  two  arches 
which  primarily  are  in  front  of  it. 

Ci^icoid  Cartilage  (PI.  VIII.,  IX.  figs.  3, 4,  5). — In  my  specimens 
of  the  Echidna  this  cartilage  does  not  form  a  complete  ring,  being 
deficient  dorsally,  while  in  the  Ornitborhynchus  the  ring  is 
complete,  thus  presenting  a  higher  degree  of  development  than 
in  the  Echidna.     These  results  agree  with  those  of  Walker,  but 

1  Op,  cU. 
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Dubois  figures  the  cricoid  of  the  Ornithorhynchos  as  deficient 
posteriorly.  It  is  to  be  noticed,  however,  that  in  this  auimal 
the  dorsal  aspect  of  the  cricoid  has  a  deep  median  notch  reach- 
ing from  the  posterior  border  nearly  to  the  anterior  end,  so  that 
the  ring  in  this  situation  is  narrow. 

The  anterior  border  of  the  ventral  portion  of  the  cricoid 
possesses  a  median  process,  which  I  found  in  my  serial  sections 
of  an  adult  Oruithorhynchus  to  extend  slightly  on  to  the  dorsal 
aspect  of  the  thyroid  cartilage.  This  process  gives  origin  to  the 
thyro-crico-arytenoid  muscle,  and  is  connected  anteriorly  to  the 
septum,  from  which  the  more  anterior  fibres  of  the  same  muscle 
spring.  Gegenbaur  has  a  view  of  the  ventral  aspect  of  the 
larynx  of  the  Oruithorhynchus  (see  his  fig.  8)  with  the  thyroid 
cartilage  removed.  He  shows  this  process  of  the  cricoid,  but 
figures  and  describes  it  as  reaching  forwards  to  the  base  of  the 
epiglottis.     My  sections  give  no  support  to  this  view. 

Arytenoid  Cartilages  (PL  VIII.  figs.  3,  4). — These  cartilages  are 
well  developed,  but  do  not  attain  such  a  relatively  large  size  as 
in  some  of  the  Marsupialia.  Their  shape  and  relations  closely 
correspond  to  the  marsupial  type,  of  which  I  have  already  given 
an  account  in  thiB  Journal.^  The  median  processes  of  the  two 
cartilages  articulated  with  one  another,  and  their  apices  reached 
forwards  to  the  laryngeal  orifice. 

LUerarytenoid  and  Intercricoid  Cartilages, — In  the  dorsal  wall 
of  the  larynx  there  are  two  small  median  pieces  of  hyaline 
cartilage  ^ehich  hare  received  various  names,  and  rarely  an 
accurate  description. 

The  interarytenoid  (PL  VIII.  fig.  3)  is  the  more  anterior  of  the 
two,  and  corresponds  to  the  interarytenoid  cartilage  which  I  have 
always  found  in  the  Marsupialia.  As  in  the  marsupials,  it 
separates  the  fibres  of  the  arytenoid  muscle  into  two  lateral 
portions  which  are  attached  to  its  sides.  It  lies  anterior  to  the 
united  internal  processes  of  the  arytenoid  cartilages  (PL  VIII. 
fig.  4),  and  also  extends  slightly  on  to  their  dorsal  aspects.  Dubois 
called  this  the  anterior  procricoid,  but  I  have  already  given  my 
reasons  for  preferring  the  term  *  interarytenoid,'  which  I  believe 
was  first  used  by  Luschka. 

The  intercricoid  cartilage  is  not  found  in  the  Marsupialia,  at 

1  "  The  Marsupial  Larynx,"  yoL  zzziiL 
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least  SO  far  as  my  observations  go.  It  is  the  posterior  procricoid 
of  Dubois.  In  my  young  Echidna  it  was  a  spherical  piece  of 
cartilage,  with  a  diameter  of  '25  mm.  It  was  situated  in  the 
interval  between  the  lateral  portions  of  the  cricoid  (PI.  IX.  fig.  5), 
at  the  anterior  and  narrowest  part  of  the  notch.  In  the  adult 
Ornithorhynchus  the  cricoid  formed  a  complete  ring,  and  the 
cartilaginous  nodule  was  found  in  the  notch  on  the  dorsal  part 
of  this  cartilage,  posterior  to  the  place  where  the  ring  was  com- 
pleted. 

Nothing  is  known  regarding  the  morphology  of  these  two 
small  bodies. 

The  majority  of  the  observations  upon  which  this  paper  is 
based  were  made  in  the  Anatomical  Institute  of  the  Muuich 
University,  and  I  desire  to  acknowledge  the  great  kindness  of 
Professor  C.  v,  Kupffer,  who  afiorded  me  every  facility  for  my 
investigations. 


DESCRIPTION  OF  PLATES  Vn.-IX. 

Fig.  1.  Transverse  section  through  free  projecting  part  of  epiglottis 
of  an  adult  Ornithorhynchus,  stained  with  orcein,  (a)  mucous  mem- 
brane on  dorsal  aspect ;  (b)  glandular  tissue ;  (c)  cartilage. 

Fig.  2.  Section  of  same  epiglottis  further  back. 

Fig.  3.  Transverse  section  of  larynx  of  a  young  Echidna,  cr, 
cricoid  cartilage;  tJi^,  posterior  cornu  of  thyroid  cartilage;  th^  and 
h\  anterior  cornu  of  thyroid  and  posterior  cornu  of  hyoid  united 
with  one  another ;  a,  arytenoid  cartilage ;  la,  interary tenoid  cartilage. 

Fig.  4.  Transverse  section  of  same  larynx  as  fig.  3,  but  further 
back ;  lettering  as  in  fig.  3.  The  two  arytenoid  cartilages  are  seen 
articulating  with  one  another  by  their  internal  processes. 

Fig.  5.  Transverse  section  posterior  to  fig.  4.  Same  lettering  as  in 
figures  3  and  4.  ic,  inter-cricoid ;  th^  and  h^  are  posterior  processes 
of  the  single  plate  of  cartilage  seen  in  figures  3  and  4. 


-^ 


JouT.  9f  Altai,  and  Fhyiiolo^,  October  1899.} 


/our.  o/Anat,  and  Phj/nology,  Oeb^itr  1899.] 


A  COMPAEISON  OF  THE  PELVIC  VISCEEA  AND  THE 
PELVIC  FLOOR  IN  TWO  ADULT  MALE  SUBJECTS.^ 
By  Johnson  Symington,  M.D.,  Professor  of  Anatomy, 
Queen's  College,  Belfast, 

CoMPAKATiVKLY  few  observations  have  been  published  on  the 
extent  of  the  variations  in  the  position  of  the  bladder,  rectum, 
and  pelvic  peritoneum  as  seen  in  different  individuals  under 
somewhat  similar  conditions.  This  is  also  the  case  in  con* 
nection  with  the  degrees  of  thickness  of  the  pelvic  floor. 

Theoretically,  there  must  be  a  decided  tendency  to  the 
occurrence  of  such  variations.  During  the  periods  of  develop- 
ment and  growth  marked  changes  take  place  in  the  position 
of  the  bladder  and  the  rectum,  and  any  arrest  or  excess  of  these 
movements  will  affect  the  position  of  these  organs  in  the  adult. 
Further,  the  pelvic  floor  is  made  up  largely  of  muscles  and  fat, 
and  no  structures  in  the  body  vary  more  in  their  amount.  Such 
theoretical  deductions  are  confirmed  by  a  comparison  of  the  two 
specimens  (see  figs.  A.  and  B.)  now  to  be  described. 

Subject  A  (male),  aged  27  years,  rather  thin,  muscular  system 
of  average  development,  and  general  form  of  body  normal. — As 
this  subject  was  selected  for  class  demonstrations  on  the  topog- 
raphy of  the  abdominal  viscera,  it  was  hardened  by  the  injec- 
tion of  a  solution  of  formal  before  being  brought  into  the 
dissecting-room.  When  the  peritoneal  cavity  was  opened,  and 
the  coils  of  the  intestine  lying  in  the  true  pelvis  were  removed, 
the  rectum  was  found  empty  and  contracted,  while  the  bladder 
was  relaxed,  and  contained  only  a  very  small  quantity  of  urine. 
On  digital  examination  of  the  recto-vesical  pouch  of  peritoneum, 
the  vasa  deferentia,  the  vesiculse  seminales,  and  the  prostate 
gland  were  easily  felt  through  its  anterior  wall.  By  keeping 
one  hand  in  the  pelvis,  and  passing  a  finger  of  the  other  hand 
through  the  anus,  it  was  readily  ascertained  that  the  recto- 
vesical pouch  reached  downwards  nearly  to  the  upper  end  of 

'  Read  at  a  meetiog  of  the  Anatomical  Section  of  the  Royal  Academy  of 
Medicine  in  Ireland  on  3rd  Feb.  1899. 
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Flo.  A.— UedUu  Mtctioa  of  palvit  of  subject  A.     Beduced  by  photograpli; 
trom  lIfe.'sUa  drawing. 


Comparison  of  peltic  visceba  amd  pelvic  floor. 


Fig.  B. — HediiD  lectlon  of  peWIs  of  subject  B.     Reduced  by  pliotograpb; 
from  life-size  dnwing. 
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the  anal  canal,  or  perineal  portion  of  the  rectum.  In  order  to 
make  a  more  careful  study  of  this  specimen  the  entire  pelvis 
was  removed  and  placed  in  a  5  p.c.  solution  of  formal  To 
ensure  a  thorough  hardening  of  the  bladder,  200  com.  of  formal 
solution  was  injected  through  a  ureter  into  its  cavity.  After 
being  kept  several  weeks  in  this  fluid  the  pubic  symphysis  and 
the  pelvic  contents  were  divided  with  a  knife  in  the  median 
plane,  and  the  section  of  the  pelvis  was  completed  by  sawing 
through  the  sacrum. 

Subject  B,  about  40  years  old. — For  comparison  with  the 
above,  I  have  selected  the  section  of  an  adult  male  pelvis 
which  has  been  in  my  collection  for  several  years,  and  a  draw* 
ing  of  which  will  be  found  in  Qiuiin's  Anatomy,  10th  edition, 
vol.  iii.  pt.  4,  p.  114.  The  body  from  which  this  specimen 
was  prepared  was  hardened  by  the  injection  of  Miiller's  fluid, 
and  subsequently  of  spirit.  The  section  was  made,  as  in  subject 
A,  with  a  knife  and  saw,  after  the  tissues  were  thoroughly 
fixed.  The  greater  part  of  the  rectum  was  empty  and  con- 
tracted, but  just  above  the  anal  canal  it  contained  some  faeces. 
The  bladder  was  moderately  contracted,  and  held  about  100 
ccm.  of  urine. 

These  subjects  were  both  of  average  height,  and  the  size  of 
their  bony  pelvis  almost  identical.  Thus  the  conjugate  of  the 
pelvic  inlet  was  10  cm.  in  each  case.  The  outlet  was  76  in  A, 
and  8*2  cm.  in  B.  This  slight  difference  apparently  depended 
upon  a  greater  development  of  the  sub-pubic  ligament  in  A 
and  the  coccyx  being  turned  rather  more  forwards.  The  sacrum 
in  A,  however,  was  more  concave  from  above  downwards,  so 
that  the  antero-posterior  extent  of  the  pelvic  cavity  was  greater 
than  in  B.  The  anterior  surface  of  the  sacrum  and  coccyx, 
measured  in  the  median  plane,  and  following  their  curvatures, 
was  7*6  cm.  in  A,  and  8*2  cm.  in  B.  Miiller's  fluid,  employed 
for  the  hardening  of  subject  B,  is  very  liable  to  distend  the 
subcutaneous  and  submucous  connective  tissue  when  injected 
into  the  vessels,  but  this  distension  disappears,  at  least  to  a 
large  extent,  when  the  hardening  is  completed,  as  in  this  case, 
by  spirit. 

The  principal  differences  between  these  two  bodies  were,  that 
A  was  thin,  and  almost  destitute  of  subcutaneous  fat,  while  B 
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had  a  better  muscular  developmeDt,  and  his  adipose  tissue  was 
abundant. 

Bladder, — ^This  organ  was  relaxed  and  nearly  empty  in  A, 
and  about  200  com.  of  formal  solution  was  injected  into  its 
cavity  through  one  of  the  ureters ;  in  B  it  was  moderately  con- 
tracted, and  contained  100  ccm.  of  urine. 

In  specimen  A  the  bladder  was  situated  entirely  in  the  true 
pelvis,  and  no  part  of  it  reached  a  point  nearer  than  17  mm. 
from  the  plane  of  the  pelvic  inlet ;  while  in  B,  although  it  did 
not  contain  so  much  fluid,  a  small  portion  of  its  wall  projected 
1  cm.  above  this  plane. 

The  urethral  orifice  is  a  convenient  point  to  select  in  estimat- 
ing the  position  of  the  basal  portion  of  the  bladder.  It  must  be 
remembered,  however,  that  this  orifice,  although  more  firmly 
fixed  than  the  other  parts  of  the  bladder,  is  still  subject  to 
considerable  displacement.  Thus  Garson^  and  others  have 
shown  that  distension  of  the  rectum  pushes  it  upwards  and 
forwards ;  and  I  ^  have  endeavoured  to  prove  that  during  disten- 
sion of  the  bladder  the  urethral  orifice  is  depressed,  and  the 
prostatic  portion  of  the  urethra  shortened. 

The  opening  of  the  urethra  in  A  was  6*5  cm.  from  the  nearest 
point  on  the  conjugate  of  the  pelvic  inlet,  and  in  B  44  cm. 
According  to  Disss  ^  the  average  distance  is  5*5  cm.  In  A  the 
orifice  was  12  mm.  below  a  horizontal  line  passing  backwards 
from  the  upper  body  of  the  pubic  symphysis,  while  in  B  it  was 
only  3  mm.  Disse  gives  5*5  cm.  as  the  average  distance  between 
the  upper  border  of  the  pubic  symphysis  and  the  urethral  orifice ; 
in  A  it  was  7'0  cm.,  and  in  B  5*0  cm.  From  these  measure- 
ments it  is  evident  that  the  urethral  orifice  is  higher  up  and 
farther  forwards  in  B  than  in  A,  and  that  the  difference  is  more 
marked  in  the  antero-posterior  than  in  the  vertical  direction. 

The  urethral  orifice  is  generally  regarded  as  the  lowest  part 
of  the  interior  of  the  bladder,  and  such  is  usually  the  case.  In 
A,  however,  the  most  dependent  part  is  situated  in  front  of  the 

^  "  Die  Dislocation  der  Hamblase  und  des  Peritoneum  bei  Ausdehnnng  des 
Rectnm,"  Arch./.  Anai.,  1878. 

^  ''The  position  of  the  empty  and  distended  bladder  in  the  male  child,"  Edin- 
hurgh  Medical  Journal^  April  1885. 

'  "  Untersuchnngen  tlber  die  Lage  der  menschlichen  Hnrn blase  nnd  ihre 
Verandemng  im  Lanfe  des  Wachsthams,"  Anaiomi9ch6  HefU^  Heft  1,  1891. 
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prostate  and  behind  the  pubic  symphysis.  Professor  Wardrop 
Griffith  recently  showed  me  a  section  of  an  adult  male  pelvis  in 
which  the  same  condition  existed.  In  both  these  cases  the 
subjects  were  very  thin,  and  I  am  inclined  to  attribute  this 
depression  to  the  absence  of  the  retro-pubic  pad  of  fat.  Of 
course  other  conditions,  such  as  enlargement  of  the  prostate, 
may  alter  the  relative  levels  of  the  urethral  orifice  and  of  this 
part  of  the  bladder. 

Curve  of  Urethra, — The  most  striking  difference  in  the  curva- 
ture and  direction  of  the  urethra  between  A  and  B  is  that  in 
the  latter  the  urethra  passes  from  the  vesical  orifice  straight 
downwards  and  backwards  through  the  prostate  gland,  and  iu 
the  membranous  portion  turns  rather  abruptly  downwards  and 
forwards,  while  in  A  this  change  in  the  direction  of  the  urethra 
occurs  about  the  middle  of  its  prostatic  portion.  It  is  easily 
conceivable  that  a  distension  of  the  lower  part  of  the  rectum 
in  A,  by  pushing  upwards  and  forwards  the  prostate  and  the 
bladder,  would  cause  its  urethra  to  assume  a  direction  very 
similar  to  that  of  B. 

Rectitm. — Down  to  the  level  of  the  middle  of  the  third  piece 
of  the  sacrum,  the  rectum  in  A  had  a  thin  and^  long  meso- 
rectum,  and  was  consequently  freely  movable.  Below  this  it 
became  fixed  to  the  sacrum,  devoid  of  peritoneum  on  its  posterior 
aspect,  and  was  placed  almost  entirely  to  the  left  of  the  mesial 
plane  as  far  as  the  tip  of  the  coccyx,  but  where  it  rested  on 
the  ano-coccygeal  body  it  was  median  in  position.  The  whole 
length  of  the  rectum  was  empty  and  contracted.  In  B  the 
median  section  exposed  the  cavity  of  the  rectum  from  the  level 
of  the  lower  border  of  the  2nd  sacral  downwards  to  its  termina- 
tion, and  above  the  part  shown  in  fig.  B  it  had  a  mesorectum, 
the  two  peritoneal  layers  of  which  were  separated  by  a  quantity 
of  fat.  There  was  also  a  considerable  amount  of  fat  separating 
the  rectum  from  the  anterior  aspect  of  the  lower  part  of  the 
sacrum  and  from  the  coccyx.  The  facility  with  which  even 
a  slight  amQunt  of  faeces  in  the  ampulla  of  the  rectum  can 
push  forwards  the  anterior  part  of  this  space  so  as  to  bripg  it 
into  close  relation  with  the  membranous  portion  of  the  urethra 
is  well  shown  in  this  subject.  Thus  the  thickness  of  the  tissue 
betw:eea  the  cavity  of  the  rectum  and  the  lumen  of  the  uretbm 
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is  only  5  mm.  In  A,  where  this  part  of  the  rectum  was  empty 
and  its  lumen  in  the  form  of  a  transverse  slit,  the  distance 
between  the  two  cavities  was  2*3  cm.  These  relations  are  of 
interest  in  connection  with  the  well  known  clinical  fact  that 
facea  in  the  lower  part  of  the  rectum  may  interfere  with 
micturition,  and  they  also  show  how  the  mobility  of  this  part 
of  the  rectal  wall  allows  a  catheter  in  the  membranous  portion 
of  the  urethra  to  be  felt  so  readily  per  rectum. 
■  Feritoneum. — In  A  this  membrane  is  in  contact  with  the 
upper  and  posterior  surface  of  the  symphysis  for  a  distance  of 
about  13  mm.  before  passing  backwards  to  the  bladder,  while  in 
B  the  peritoneum  did  not  reach  the  pubic  symphysis,  being  re* 
fleeted  from  the  anterior  abodminal  wall  on  to  the  bladder  10 
mm.  above  its  upper  border.  The  difference,  however,  is  still 
more  marked  in  connection  with  the  levels  of  the  respective 
recto-vesical  pouches.  Thus  in  A  the  bottom  of  the  recto- 
resical  pouch  is  2  cm.  below  the  level  of  the  upper  part  of 
pubic  symphysis ;  it  corresponds  to  a  line  uniting  the  lower  edge 
of  the  pubic  symphysis  with  the  tip  of  the  coccyx,  and  is 
'S'O  cm.  from  the  middle  of  the  anal  orifice.  In  B  this  pouch 
is  1  cm.  above  the  level  of  tha  top  of  the  pubic  symphysis, 
3-6  cm.  above  plane  of  pelvic  outlet,  and  8  cin.  from  the  anus. 
The  relations  of  the  peritoneum  in  B  are  nearly  identical  with 
those  of  an  adult  male  shown  in  plate  1  of  Braune's  Topo- 
graphtsch,  AncUamisoher  Atlas.  As  the  bladder  contained  only 
about  100  cm.  of  urine  and  the  rectum  was  nearly  empty,  the 
peritoneum  was  probably  a  little  higher  than  usual  for  such 
states  of  the  bladder  and  the  rectum.  The  fat,  however,  which 
was  situated  behind  the  rectum  probably  compensates  for  the 
slight  distension  of  this  organ.  Waldeyer*  gives  the  height 
uf  this  pouch  above  the  anus  as  5  to  6  cm.  In  Braune's  section 
it  is  7*8  cm.  and  in  my  specimen  B  8  cm.,  so  that  Waldeyer's 
estimate  is  too  low  for  subjects  in  which  the  muscular  and* 
adipose  tissues  are  fairly  well  developed.  Traeger*  gives  5*5 
era.  and  10*8  cm.  as  the  two  normal  maxima,  and  such  a  range 
ef  variation  is  not  too  great. 

■ 

^  Das  Beeken,  p.  279. 

^  '*Ueber  abnonnen  Tielitand  des  Bauchfollee  Im  Douglai'schen  Raume  beim 

}iAmie,^  Arch,/.  Anatomie,  lSd7,         .     .    .    ^ 
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In  A  the  peritoneum  is  undoubtedly  abnormally  low,  even  for 
a  thin  subject  with  an  empty  rectum.  This  remark  applies 
especially  to  the  recto-vesical  pouch  which  reaches  down  to  the 
plane  of  the  pelvic  outlet,  and  is  only  3'5  cm.  from  the  anal 
orifice.  The  peritoneum  reached  even  lower  than  this  when  the 
bladder  was  empty,  as  it  was  raised  somewhat  by  the  injection 
of  200  ccm.  of  formalin  solution  into  the  bladder.  Such  a 
lower  position  of  the  recto-vesical  pouch  is  of  embryological 
and  of  surgical  interest  In  an  embryo  35  mm.  long  Zucker- 
kandP  found  that  the  coelom  extended  caudad  between  the 
hind  gut  and  the  Wolliian  ducts  to  a  point  distinctly  beyond  the 
union  of  the  sexual  and  urinary  ducts,  and  he  states  that  until 
about  the  middle  of  fcetal  life  the  rectal  aspect  of  the  prostate 
is  completely  covered  by  peritoneum.  In  the  newly -born  child 
the  peritoneum  usually  reaches  as  low  as  the  upper  border  of 
the  prostate,  and  sometime  covers  it  slightly.  The  persistence  in 
the  adult  of  such  a  deep  recto-vesical  pouch  as  is  found  in  the 
young  foetus  does  not  appear  to  be  common,  but  Traeger  ^  has 
recently  described  a  case  in  which  the  recto-vesical  pouch 
extended  to  within  25  cm.  of  the  anus.  In  Traeger's  paper 
will  be  found  the  literature  of  the  cases  of  so-called  hernia  of 
the  recto-vesical  pouch,  and  a  discussion  as  to  whether  they  are 
congenital  or  acquired.  The  fact  that  cases  of  abnormally  deep 
recto-vesical  pouches  do  occasionally  occur  is  obviously  of  im- 
portance to  the  surgeon  in  connection  with  various  operations 
on  the  rectum  and  the  base  of  the  bladder. 

The  Pelvic  Floor. — This  term  is  a  convenient  one  for  the  mass 
of  tissue  which  closes  the  pelvic  outlet,  and  upon  which  the 
pelvic  viscera  rests.  Owing  to  its  connection  with  these  viscera 
it  is  not  easy  to  define  precisely  its  upper  limbs,  but  on  the 
whole  the  recto-vesical  layers  of  the  pelvic  fascia  may  most 
conveniently  be  regarded  as  representing  the  level  of  its  upper 
boundary.  This  floor  forms  acompact  mass,  which  serves  to  support 
the  superincumbent  organs,  and  is  traversed  by  certain  slits  or 
faults,  the  walls  of  which  are  normally  in  contact,  but  can  be 
separated  to  permit  of  the  passage  of  the  genito-urinary  pro- 
ducts and  of  the  excreta  from  the  alimentary  canal.     In  the 

^  ^'  Beitrage  zur  Lehre  von  den  BrUckeQ  im  Bereiche  des  Douglas'scheD  Baumes," 
DeiUsche  Zeitschrift  fUr  Chururgie,  1891. 
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male  these  clefts  are  the  urethra  and  the  anal  canal,  while 
in  the  female  it  is  still  farther  weakened  by  the  addition  of 
another  fault — the  vagina.    In  consequence  of  the  important 
part  played  by  the  pelvic  floor  in  parturition,  and  its  liability 
to  fail  as  a  supporting  structure,  special  attention  has  been 
directed  to  its  structure  and  functions  in  the  female,  more 
particularly  by  Berry  Hart,  and  other  obstetricians  and  gyne- 
cologists.   In  the  male  it  is  only  in  the  region  of  the  anal  canal 
that  prolapse  is  liable  to  occur,  the  anterior  portion  of  the 
pelvic  floor  being  very  thick  and  compact,  and  its  cleft — the 
urethra — too  small  to  constitute  a  source  of  weakness.    Never- 
theless, the  thickness  of  the  male  pelvic  floor  and  the  relations 
of  its  constituent  parts  are  of   great  importance  in  various 
surgical  operations  in  the  perineum.      Both   surfaces  of  the 
pelvic  floor  are  very  uneven,  and  some  difiBculty  is  experienced 
in  the  selection  of  suitable  points  from  which  to  measure  its 
thickness.     The  bladder,  although  intimately  attached  to  the 
floor,  must  be  regarded  as  resting  upon  it,  while  the  prostate 
gland  is  embedded  in  it.     The  part  of  the  second  portion  of  the 
rectum  which  is  situated  in  front  of  the  coccyx  rests  upon  the 
ano-coccygeal  portion  of  the  pelvic  floor,  and  upon  the  lateral 
walls  of  the  upper  end  of  the  anal  canal     Both  the  rectum  and 
the  bladder  serve  as  reservoirs  in  which  material  can  be  collected 
and  retained,  while  the  urethra  and  the  anal  canal  are  normally 
closed,  and  only  open  temporarily  to  allow  of  the  discharge  of 
the  contents  of  the  bladder  and  rectum.     For  this  reason  I 
prefer  the  term  *  anal  canal '  to  that  of  *  3rd  or  perineal  portion  of 
the  rectum.'    In  a  median  section  of  the  male  pelvis  the  thickness 
of  the  anterior  portion  of  the  pelvic  floor  may  be  conveniently 
estimated  by  the  distance  between  the  urethral  orifice  of  the 
bladder  and  a  point  on  the  skin  of  the  perineum  vertically 
below  this.      In  the  comparison  of  sections  A  and  B,  I  have 
selected  the  under  surface  of  the  bulb  of  the  corpus  spongiosum, 
80  as  to  eliminate  the  amount  of  subcutaneous  fat.     In  A  the 
distance  between  these  two  points  is  only  3*7  cm.,  while  in  B  it 
amounts  to  6*4  cm.     We  have  already  seen  that  the  internal 
urinary  meatus   is  higher  in  B  than  A,  and  it  may  also  be 
observed  that  the  under  surface  of  the  bulb  is  further  below 
the  plane  of  the  pelvic  outlet  in  B  than  in  A,  so  that  the  greater 
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thickness  of  the  pelvic  floor  in  B  as  compared  with  A  is  due  both 
to  the  floor  extending  higher  up  and  to  the  pelvic  cavity,  aud 
also  to  its  projecting  further  downwards  below  its  outlet  The 
thickness  of  the  pehdc  floor  in  the  median  plane  can  be  measured 
by  the  length  of  the  anal  canal  or  of  the  internal  sphincter.  In 
A  this  is  2*3  cm.,  and  in  B  3*3  cm.  A  comparison  of  the  two 
sections  also  shows  that  the  mass  of  tissue  between  the  anus 
and  the  coccyx  is  distinctly  thicker  in  B  than  in  A,  and  that 
the  coccyx  is  much  nearer  the  cutaneous  surface  in  A  than 
in  B. 


A  KEW  OSTEOMETEIC  BOARD.    By  David  Hepburn,  M.D„ 
Lecturer  on  JUgional  Aivitomy,  VnivertUy  of  Sdinhu-rgh. 

Ax  Osteometric  Board  is  an  apparatus  for  determining  the 
length  of  such  bones  as  are  too  long  or  too  unwieldy  for 
measuremeDt  by  an  ordinary  callipers.  The  apparatus  in 
current  use  was  designed  by  M.  Broca,  and  consists  of  a  Sat 
graduated  board  or  plank,  at  one  end  of  which  a  flat  vertical 
upright  is  fixed.  Against  this  upright  part  the  bone  to  be 
measured  is  pluced,  while  to  the  opposite  end  of  the  bone  a 
right-angled  triangle  of  wood  ia  applied,  and  the  length  of  the 
bone  is  read  o£F  upon  the  graduated  plank.  The  chance  of  error 
is  BO  constant  that  scarcely  any  two  oheervera  can  obtain  the 
same  reading,  nor  can  the  same  observer  readily  obtain  the 
same  reading  oq  two  successive  attempts  without  a  considerable 
amount  of  careful  management,  because  it  is  extremely  difficult 
to  apply  the  edge  of  the  movable  upright  to  the  moat  promi- 
nent part  of  the  end  of  a  rounded  bone  such  as  the  head  of  the 
femur. 

As  it  is  quite  evident  that  this  personal  error  should  not 
eiiat  in  the  case  of  such  an  object  as  an  unvarying  and  rigid 
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bone,  I  have  devised  the  board  which  is  shown  in  the  accom- 
panying illustratioQ, 
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It  consists  of  a  horizontal  mahogany  plank,  graduated  upon 
each    of   its   lateral   margins   by  boxwood  scales    into   both 
millimetres  and   the  English  inch  subdivided  in  tenths.    It 
is  very  advisable  to  have  both  French  and  English  measure- 
ments side  by  side,  as  it  avoids  the  necessity  for  calculations 
on   the  many  occasions  in  which   it  is  most  convenient  for 
English-speaking  people   to  represent  a  figure  in  their  own 
system,  as,  for  example,  in  recording  the  height  of  a  man.    At 
both  ends,  uprights  are  fixed  in  a  vertical  transverse  position, 
between  which   there  extend  two   parallel  brass  rods.    These 
rods  pierce  a  third  intermediate  vertical  shutter,  which  may 
be  moved  to  and  fro  upon  the  brass  rods.     At  the  points  where 
the  rods  pass  through  the  movable  shutter  they  are  made  to 
traverse  short  pieces  of  brass  tubing,  which  are  firmly  fixed  to 
the  upright.     In  this  way  all  appreciable  error  from  oscillations 
of  the  upright  is  prevented,  and  it  is  impossible  to  obtain  dis- 
crepant readings  from  separate  measurements  of  a  bone.     More- 
over, the  measurement  can  be  obtained  with  great  speed  as  well 
as  with  great  exactness,  no  matter  who  uses  the  instrument. 

The  apparatus  is  useful  for  ascertaining  the  greatest  width 
and  height  of  an  articulated  pelvis,  two  measurements  which 
are  very  troublesome  to  obtain  by  callipers,  because  of  the 
peculiar  shape  and  somewhat  unwieldy  nature  of  the  pelvis. 

It  is  not  intended  to  supersede  the  use  of  callipers  for  those 
measurements  for  which  they  are  most  suitable. 

Its  strength  and  solidity  are  points  in  favour  of  the 
apparatus,  since  it  is  entirely  intended  for  use  in  the  labora- 
tory. 
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ON  THE  MEDULLATED  FIBEES  OF  SOME  OF  THE 
CEANIAL  NERVES,  AND  THE  DEVELOPMENT  OF 
CERTAIN  MUSCLES  OF  THE  HEAD.  By  F.  H. 
Edgeworth,  M.B.  (Cantab.),  B.Sc.  (Lond.),  Assistant  Phy- 
sidan  to  the  Bristol  Royal  Infirmary.     (Plates  X.-XXIL). 

This  paper  may  conveniently  be  divided  into  the  following 
sections : — i.  Introduction ;  ii.  Individual  Cranial  Nerves ; 
iii.  Classification  of  Muscular  Branches ;  iv.  Development  of 
Certain  Cranial  Muscles;  v.  Classification  of  Cranial  Motor 
Nuclei ;  vi.  Collateral  Evidence  from  Disease ;  vii.  Sensory 
Branches ;  viii.  General  Conclusions. 

i.  In  roduction. 

The  observations  which  are  here  described  were  begun 
some  years  ago,  at  the  suggestion  of  Dr  Gaskell,  with  the 
intention  of  investigating  the  sensory  branches  only  of  the 
cranial  nerves  in  the  dog.  The  investigation  was  extended 
to  mixed  and  motor  branches,  and  to  the  origin  and  develop- 
ment of  some  of  the  cranial  muscles. 

The  paper  may  he  considered,  in  so  far  as  it  contains  new 
views,  as  a  series  of  proposed  amendments  to  Dr  GaskeH's 
paper  on  the  cranial  nerves.^ 

The  nerves  are  described  more  or  less  in  order  from  before 
backwards,  and  subsequently  the  various  motor  and  sensory 
fibres  are  separately  discussed.  One  or  two  preliminary 
remarks  are,  however,  needful.  The  meduUated  fibres  in  any 
nerve,  or  branch  of  a  nerve,  are  said  to  vary  in  size  up  to  a 
certain  maximum  diameter.  By  this  is  meant  that  fibres  of 
all  sizes  occur  from  about  1-5  /i  in  diameter  up  to  the 
number  given.  It  was  not  found  possible  to  separate  nerve 
fibres  of  similar  sizes  into  groups,  by  reason  of  differing  thickness 
of  medullary  sheath  or  size  of  axis-cylinder.  Though  a  little 
variation  exists,  yet  in  general  the  thickness  of  the  sheath,  and 

^  Jow,  ofPhys.,  vol.  ix. 
VOL.  XXXI V.  (N.S.  vol.  XIV.)  1 
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80  the  size  of  the  axis-cylinder,  was  found  to  be  very  closely 
proportional  to  the  diameter  of  the  fibre.  Hence,  though 
Gaskell^  has  shown  that  conclusions  as  to  the  morphological 
position  of  the  structures  innervated  can  be  drawn  from  the 
maximum  diameter  of  the  nerve  fibres,  and  has  correspondingly 
stated  these  only,  yet  in  the  following  description  the  fibres  are 
said  to  vary  up  to  a  certain  diameter  in  each  case. 

Small  differences  in  the  maximum  size  of  the  fibres  in  anr 
one  nerve,  cut  close  to  its  superficial  origin  from  the  brain, 
were  found  in  specimens  taken  from  different  dogs.  For 
instance,  the  maximum  diameter  of  the  fibres  in  the  III  nerve 
was  found  to  vary  between  16  and  17*6  /x,^  and  in  one  or  two 
instances  was  as  low  as  14*4  fj,. 

If  sections  of  any  one  nerve  were  made  at  various  distances 
from  its  origin,  it  was  found  that  the  maximum  size  of  the 
fibres  was  somewhat  less  the  more  distal  the  section.  For 
instance,  the  maximum  diameter  of  the  fibres  in  the  ophthalmic 
branch  of  the  V  just  beyond  its  exit  from  the  Gasserian  ganglion 
was  found  in  one  case  to  be  176  /jt,  whilst  in  the  various 
branches  no  fibres  of  diameter  greater  than  16*8  ^  were  seen. 
Diminution  in  size  from  these  causes  takes  place  in  different 
degrees  in  different  animals;  for  instance,  the  maximum 
diameter  of  the  fibres  in  the  nerve  to  the  crico-thyroid  muscle, 
cut  about  \  inch  outside  its  entry  into  the  muscle,  was  found 
in  some  cases  to  be  as  high  as  12*8,  in  others  as  low  as  9*6  /i. 

In  the  following  descriptions  the  average  maximum  diameter 
found  in  any  nerve,  or  branch  of  a  nerve,  is  recorded;  sub- 
sequently, in  discussing  the  various  motor  and  sensory  fibres, 
consideration  is  given  to  the  question  whether  the  extremes  of 
variation  invalidate  the  generalisations. 

The  nerves  were  stained  in  osmic  acid,  imbedded  in  paraffin, 
and  examined  in  cross  section,  and  measurements  were  taken 
only  in  cases  where  no  puckering  or  shrinking  of  the  nerve 
fibres  existed. 


^  Loc  eit. 

^  The  maximum  size  of  the  fibres  found  in  the  III  and  certain  other  nerves  is 
stated  by  Ga-ikell  to  be  18/t*.  Possibly  owing  to  the  class  of  dogs  dissected— 
mongrel  English  terriers— I  have  not  come  across  quite  so  high  a  figure ;  the 
ditlereuce,  however,  is  unesseutiul. 
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ii.  The  Cranial  Nerves. 

The  III,  IV,  and  VI  nerves  consist  each  of  medullated 
fibres,  varying  in  diameter  up  to  16  /u.  Although  the 
majority  of  the  fine  fibres  (i.e.,  fibres  under  4  /x  in  diameter) 
in  the  III  pass  to  the  ciliary  ganglion,  yet  not  all  do  so ;  thus 
each  external  ocular  muscle  receives  small  as  well  as  larger 
medullated  fibres. 

The  branch  of  the  VI  to  the  retractor  bulbi  contains  fibres 
up  to  the  same  maximum  diameter  as  occur  in  the  continued 
trunk  of  the  VI  to  the  external  rectus. 

Each  of  the  oculo-motor  nerves  receives  one  or  more  fine 
filaments  frum  the  carotid  plexus,  consisting  mainly  of  grey 
fibres,  together  with  one  or  two  medullated  fibres  up  to  6*4  ix 
in  diameter.  Each  also  receives  a  fine  branch  from  the 
ophthalmic  division  of  the  V,  consisting  of  grey  fibres  and  a 
few  fine  medullated  fibres  up  to  5*6  ix  in  diameter.  As  all  the 
grey  fibres  in  the  ophthalmic  division  of  the  V  come  from  the 
Carotid  plexus,  and  none  from  the  Gasserian  ganglion,  the  grey 
fibres  in  these  fine  branches  to  the  oculo-motor  nerves  must 
eventually  have  the  same  origin. 

V. — If  serial  sections  be  made  through  the  roots  of  the 
trigeminal  nerve,  it  can  be  seen  that  the  first  two  divisions  and 
the  sensory  branches  of  the  third  division  (with  exception  of 
the  mylo-hyoid)  do  not  receive  any  fibres  from  the  motor  root. 

These  sensory  branches  can  be  divided  into  two  classes  by  the 
maximum  size  of  their  medullated  fibres. 

Grey  fibres  and  medullated  fibres  up  to  16  /x  in  diameter  are 
found  in  the  long  ciliary,  ethmoidal,  and  infra  trochlear  branches 
of  the  ophthalmic  division;  in  the  lacrymal,  subcutaneus 
malie,  infraorbital  (both  dental  and  skin  branches),  palatinus 
major,  and  nasalis  posterior,  from  the  superior  maxillary 
di\Tsion ;  and  in  the  auriculo-temporal,  buccal,  terminal 
branches  (i.«.,  to  skin)  of  the  mylo-hyoid,  mental  and  dental 
branches  of  inferior  dental,  from  the  inferior  maxillary  division. 

Grey  fibres  and  medullated  fibres  up  to  11*2  /a  in  diameter 
occur  in  the  palatinus  minor  from  the  superior  maxillary, 
division;  in  the  lingual,  orbital  gland  branches  of  the  buccal 
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and  parotid  gland  branches  of  the  auriculo-temporal,  from  the 
inferior  maxillary  division. 

The  Gasserian  ganglion  does  not  give  rise  to  any  grey  fibres, 
which  come,  together  with  a  few  smallish  fibres,  from  the  carotid 
plexus.  The  nasalis  posterior,  palatinus  major  and  minor  also 
receive  grey  fibres  from  or  through  the  spheno-palatiue  ganglion ; 
and  the  sensory  branches  of  the  inferior  maxillary  divisiou, 
some  grey  ones  from  or  through  the  otic  ganglion. 

The  branches  of  the  V  which  pass  to  muscles  can  also  be 
divided  into  two  sets  by  the  maximum  sizes  of  their  medullated 
fibres.  Grey  fibres  and  medullated  fibres  up  to  a  maximum 
diameter  of  16  fj.  occur  in  the  branches  passing  to  the  temporal, 
masseter,  pterygoids,  and  anterior  portion  of  the  digastric 
muscles.^ 

Grey  fibres  and  medullated  fibres  up  to  a  maximum  diameter 
of  11*2  /A  occur  in  the  nerves  to  the  tensor  tympaiii,  tensor  veli 
palatini,  and  mylo-hyoid  muscles. 

The  grey  fibres  in  the  motor  branches  come  from  the  carotid 
plexus. 

VII  nei^e, — The  roots  of  the  facial  nerve  are  described 
by  GaskelP  as  consisting  of  a  'large-fibred'  portion  and  a 
•  small-fibred '  portion  (n.  intermedins).  The  large-fibred  portion 
consists  of  "a  few  fibres  of  the  smallest  size,  but  is  mostly 
composed  of  the  motor  fibres  of  the  facial  muscles,  which  are 
very  uniform  in  size,  and  measure  about  10*8  ^t.  In  addition 
to  these,  there  are  a  very  large  quantity  of  fibres  which  measure 
between  7  and  8  /i."  The  n.  intermedius ''  is  essentially  a  small- 
fibred  formation,  with  a  few  much  larger  fibres." 

In  the  dogs  examined,  the  fibres  of  the  facial  nerve  were 
found  to  be  of  all  diameters  up  to  11'2  /x ;  there  were  also  to  be 
seen  a  few  fibres  of  larger  size  up  to  16  /ii  in  diameter.  Some  of 
these  larger  fibres  were  aggregated  together  at  that  part  of  the 
facial  root  most  remote  from  the  n.  intermedius,  but  a  few 
were  also  seen  throughout  it.  The  larger  fibres  of  the  n. 
intermedius  or  sensory  root  of  the  facial  were  found  to  be  of  all 
diameters  up  to  11*2  /x.     With  one  exception,  all  the  branches 

^  The  anterior  and  posterior  digastric  fonn  a  muscle  with  one  belly  in  tlie 
dog.     Vide  EUenberger  and  Baum,  Anatomic  des  Sundes, 
*  Loc,  cU, 
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of  the  facial  distal  to  its  exit  from  the  stylo-mastoid  foramen, 
and  also  the  branch  to  the  stapedius  muscle,  were  found  to 
consist  of  grey  fibres  and  medullated  fibres  up  to  11'2  fi  iu 
diameter.  The  exception  is  that  branch^  of  the  facial  which 
divides  into  two  to  supply  the  posterior  digastric  and  stylo-hyoid 
muscles.  This  branch,  and  each  of  its  two  divisions,  were  found 
to  consist  of  grey  fibres  and  medullated  fibres,  of  all  diameters 
up  to  16  fjL.  The  largest  fibres  it  contains  can,  as  described  by 
Gaskell,  be  distinguished  in  the  facial  root,  traced  down  laterally 
to  the  geniculate  ganglion,  and  seen  to  separate  gradually  out 
from  the  facial  trunk  to  help  to, form  the  branch  in  question. 

The  chorda  tympani  consists  of  medullated  fibres  of  various 
diameters  up  to  11*2  /ii ;  of  these  the  small  fibres  are  far  more 
numerous.' 

The  great  superficial  petrosal  consists  of  grey  fibres  and 
medullated  fibres  up  to  11*2  /a  in  diameter;  it  is  a  very  small 
nerve,  and  contains  but  few  fibres. 

No  fibres  can  be  traced,  by  microscopical  examination  only, 
directly  from  the  n.  intermedins  into  the  great  superficial 
petrosal,  or  from  the  great  superficial  into  the  nerve  which, 
issuing  from  the  geniculate  ganglion,  runs  down  alongside  the 
facial,  and  which  consists  of  grey  fibres  and  medullated  ones,  of 
all  diameters  up  to  11*2.  From  examination  of  serial  sections 
across  the  facial  trunk  in  the  bone,  it  appears  that  of  the  nerve 
fibres  issuing  from  the  geniculate  ganglion,  some  of  the  medul- 
lated ones  separate  off  to  form  the  chorda  tympani,  though  a 
large  number  of  the  grey  ones  join  the  motor  part  of  the  facial, 
and  become  mingled  with  them.  (This  is  confirmed  by  the 
experiment  mentioned  later.)  Vulpian*  stated  that  if  the  root 
of  the  facial,  including  the  n.  intermedins,  be  cut  through  in 
the  dog,  the  chorda,  with  exception  of  a  very  few  fibres,  five  to 
ten  at  most,  remains  intact,  whereas  the  facial  fibres  degenerate. 
It  is  not  stated,  however,  whether  any  undegenerated  fibres 
were  finally  left  in  the  facial  trunk.  The  further  experiments 
of  Vulpian  are  to  the  effect  that  intra-cranial  section  of  the  V 

^  This  is  the  branch  described  by  Gaskell  as  leaving  the  facial  trunk  just  before 
its  exit  from  the  bone,  the  distribuiion  of  which,  however,  he  did  not  trace. 
*  Vide  Langley,  Jour,  of  Phys,,  vol.  xi. 
»  Gaz.  nUd.  de  Paris,  1878. 
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in    rabbits,   the    YII   being    uniDJured,  caused    almost  total 
degeneration  of  the  chorda. 

These  experiments  do  not  harmonise  with  the  fact  stated 
above,  that  the  number  of  meduUated  fibres  in  the  chorda  is 
much  greater  than  in  the  great  superficial  petrosal,  and  are  in 
disaccord  with  the  embryological  researches  of  Dixon,^  who  has 
shown  that  the  great  superficial  petrosal  grows  out  from  the 
geniculate  ganglion. 

All  the  branches  of  the  facial,  with  exception  of  the  chorda, 
contain  grey  fibres,  whilst  the  root  of  the  nerve  does  not.  It 
follows  that  they  come  into  the  nerve  vid  the  great  superficial 
petrosal.  As  the  facial  is  traced  outwards  in  the  bone,  the  grey 
fibres  are  seen  to  increase  markedly  in  numbers,  probably  by 
division. 

IX,  X,  and  XI  Tierves. — The  roots  of  the  IX,  X,  and  medullary 
part  of  the  XI  consist  of  medullated  fibres  of  various  sizes  np 
to  11*2  /i  in  diameter.  One  of  the  upper  rootlets  of  the  X  con- 
tains larger  fibres  up  to  16  fi  in  diameter.  These  larger  fibres, 
together  with  a  few  grey  ones,  pass  off  just  below  the  jugular 
ganglion  as  the  auricular  branch  of  the  vagus,  and  below  that 
point  no  medullated  fibres  of  diameter  greater  than  11*2  /i  are 
found  in  the  IX,  X,  and  medullary  XI  nerves. 

It  is  stated  by  GaskelP  that  the  small  fibres  of  the  spinal 
part  of  the  XI  join  the  vagus  below  the  jugular  ganglion. 

The  roots  of  the  spinal  portion  of  the  XI  contain  medullated 
fibres  of  all  sizes  up  to  16  /a  in  diameter.  The  external  branch 
of  the  XI,  which  is  derived  solely  from  the  spinal  portion  of  th^ 
XI,  consists  of  grey  fibres  and  medullated  fibres,  of  all  diameters 
up  to  16  JUL.  The  grey  fibres  can  be  traced  into  the  external 
branch  from  the  superior  cervical  ganglion.  Examination  of 
serial  sections  taken  through  the  X  and  XI  shows  that  all  the 
fibres  of  the  spinal  portion  of  the  XI  pass  off  into  its  external 
branch,  and  that  none  join  the  X,  whereas  all  the  fibres  of  the 
medullary  portion  of  the  XI  join  the  X  below  the  jugular 
ganglion.  Spencer^  also  states  that  in  the  monkey  and  man  the 
spinal  roots  of  the  XI  form  the  external  branch  only,  and  the 
medullary  roots  join  the  X. 

'  Trans,  Bay,  Dub,  Soc.,  seriei  ii.  vol.  iv. 

^  Loc.  cU.  >  lancet,  1896. 
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The  spinal  accessory  proper  (spinal  roots  of  XI)  is  then 
distinct,  both  in  origin  and  distribution,  from  the  vago-accessory 
(medullary  roots  of  XI). 

The  recurrent  laryngeal  consists  of  very  few  grey  fibres 
and  medullary  fibres,  up  to  11*2  /x  in  diameter.  A  septum 
of  perineurium  separates  the  fibres  into  two  groups — the  ab- 
ductors and  adductors  of  the  vocal  cords.^  No  histological 
distinction  can  be  drawn  between  the  fibres  on  either  side  the 
septum;  there  are  no  visible  differences  in  the  diameters  of 
the  axis-cylinders,  or  in  the  thicknesses  of  the  medullary  sheaths, 
to  which  the  differences  in  vulnerability  *  between  the  abductor 
and  adductor  fibres  might  have  been  attributed.  It  would 
appear,  then,  that  the  differences  in  vulnerability  between  the 
abductor  and  the  adductor  gauglion  cells  in  the  medulla^  extend 
to,  and  are  shared  by,  their  axis- cylinder  processes. 

The  communicating  branch  between  the  superior  and  inferior 
laryngeal,  which  Howell  and  Huber*  have  shown  to  be  a  branch 
of  the  former  nerve,  and  sensory  in  function,  consists  of  a  few 
grey  fibres  and  medulla  ted  ones,  up  to  11'2  /x  in  diameter.^ 
The  terminal  portion  of  the  superior  laryngeal,  after  it  has 
given  off  its  communicating  branch,  has  the  same  structure  as 
its  branch.  The  terminal  portion  of  the  lingual  branch  of  the 
IX,  and  alfto  its  branch  to  the  keratoglossus,  and  the  pharyngeal 
branches  of  the  IX  and  X,  consist  of  grey  fibres  and  medullated 
fibres  up  to  11*2  /x. 

The  cardiac  branches  of  the  vago-sympathetic,*  the  cardiac 
branches  of  the  recurrent  laryngeal,  the  pulmonary  nerves,  and 
the  vagus  beyond  the  pulmonary  have  the  same  structure. 
The  number  of  grey  fibres  in  these  nerves  varies:  the  vagus 
beyond  the  pulmonary  consists  very  largely  of  them,  the  cardiac 
nerves  contain  relatively  fewer,  and  the  pulmonary  a  still  smaller 
number.  The  number  of  larger  medullated  fibres  is  very  great  * 
in  the  pulmonary,  small  in  the  cardiac  nerves,  and  least  in  the 

'  Riaien  Russell,  Proc,  Boy,  Soc.^  1S92. 

^  Semon  and  Horsley,  PhU,  Trans.  Hoy,  Soc,  1890. 

'  Semon,  Brain,  1892.  ^  Jour,  of  Phys.^  vol.  xii. 

*  The  contrast  between  the  commanieanB  and  the  recurrent  laryngeal,  which 
lie  alongside  each  other  below  the  larynx,  in  respect  to  the  large  number  of  small 
niedollated  fibres  in  the  former  and  their  fewness  in  the  latter,  is  very  strikiug. 

'  For  anatomy,  vide  Lim  Boon  Xeug,  Juur.  of  Phyi.,  vol.  xiv. 
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vagus  beyond  the  pulmonary.  To  ascertain  approximately  what 
proportion  of  the  medullated  fibres  in  the  pulmonary  aud 
cardiac  nerves  come  from  the  vagus  and  sympatiietic  (the  latter 
vid  the  annulus  of  Vieussens),  an  inch  of  the  vagus  was  cut  out 
in  the  neck  of  a  dog,  and  the  nerves  examined  five  weeks  sub- 
sequently. It  was  found  that  the  pulmonary  and  cardiac  nerves 
had  lost  the  greater  portion  of  their  medullated  fibres,  but  that 
some  were  intact  in  each  branch  examined. 

One  or  two  conclusions  result  from  a  comparison  of  the  struc- 
ture of  the  various  branches  of  the  IX,  X,  and  medullary  XL 

Motor  fibres  of  all  sizes  up  to  11*2  /u  are  found  in  the 
recurrent  laryngeal,  crico-thyroid  branch  of  superior  laryngeal, 
in  the  superior  and  inferior  pharyngeal,  in  the  pharyngeal 
branch  of  the  IX,  and  in  the  stylo-pharyngeus  branch  of 
the  IX. 

It  is  not  possible,  by  microscopical  examination  simply,  to 
determine  their  exact  origin  in  the  roots  of  the  IX,  X,  and 
medullary  XI,  but  it  has  been  shown  by  Horsley  and  Beevor,^ 
and  by  Eethi,*  that  the  stylo- pharyngeus  is  innervated  by  the  IX, 
and  by  Sethi  that  the  palato-glossus,  palato-pharyngeus,constric- 
tores  pharyngei,  levator  veli  palatini,  and  azygos  uvulae  are 
innervated  by  the  X,  whilst  the  laryngeal  muscles  are  supphed 
from  the  medullary  XL  And  it  is  stated  by  Spencer^  that  the 
crico-thyroid  is  innervated  by  the  IX. 

Sensory  medullated  fibres,  up  to  11*2  fx  in  diameter,  are  found 
in  the  lingual  branch  of  the  IX,  in  the  superior  laryngeal  and 
its  communicating  branch,  and  in  branches  where  (from  the 
character  of  the  muscles  supplied)  it  is  probable  that  similar 
fibres  are  also  sensory  in  function,  t.e.,  in  the  cardiac  and  pul- 
monary branches,  and  in  the  vagus  below  the  origin  of  the  pul- 
monary nerves.  Probably,  also,  some  of  the  medullated  fibres 
in  the  pharyngeal  IX,  in  the  superior  and  inferior  pharyngeal 
nerves,  are  also  sensory. 

As  to  the  origin  of  these  sensory  fibres,  it  has  been  shown  by 
Gaskell  that  the  medullary  XI  passes  by  the  g.  jugulare  of  the 
X,  so  that  it  appears  probable  that  they  come  from  the  IX  and 

^  Horaley  and  Beevor,  Proc.  Hoy.  Soc^  188S. 

^  Sitzungsber.  der  Kais.  Akad,  d,  Wissenschaft,  Wien,  1892  and  ISdS. 

^  Lancet^  1895,  and  literature  referred  to  by  him. 
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X  roots,  with  posterior  root  gauglia  in  the  jugular  ganglia  of 
these  nerves. 

It  is  to  be  remarked  that  no  histological  distinction  can  be 
drawn  betwen  the  meduUated  fibres  in  the  superior  laryngeal — 
which,  as  regards  respiration,  conduct  only  expiratory  stimuli 
—and  those  in  the  pulmonary  nerves — which  conduct  both 
expiratory  and  inspiratory  stimuli,  nor  between  these  fibres  and 
those  found  in  the  lingual  branch  of  the  IX,  and  in  the  cardiac 
uerves. 

It  follows  that  there  are  no  fibres  of  specialised  diameter  or 
sheath-thickness  concerned  in  carrying  expiratory  or  inspira- 
tory stimuli,  or  in  conveying  afferent  cardiac  impulses,  or  those 
impulses  which  pass  up  the  lingual  branch  of  the  IX.  The 
specialisation  of  these  fibres,  from  a  functional  point  of  view,  is 
not  dependent  on,  or  has  not  led  to,  histological  differentiation, 
but  must  be  due  either  to  their  peripheral  or  central  termina- 
tions, or  to  both  of  these  factors. 

One  other  point  may  be  noticed.  From  the  results  of  clinical 
examination,  it  is  held  ^  that  taste  impulses  passing  up  the 
lingual  branch  of  the  IX  do  not  reach  the  central  nervous 
system  by  the  root  of  the  IX,  but  turn  aside  through  the  n. 
tympanicus  to  reach  the  V. 

The  n.  tympanicus,  which  Dixon  2  has  shown  to  grow  up 
ht)m  the  IX,  consists  of  grey  fibres  and  meduUated  ones  up  to 
11*2  IX  in  diameter,  but  the  number  of  meduUated  fibres  is  very 
few.  The  IX  also  gives  off  the  branches  described  by  Langley  * 
to  the  tympanic  plexus. 

In  the  case,  then,  both  of  the  chorda  and  lingual  IX,  the 
number  of  meduUated  fibres  which  might  possibly  have  come 
from  the  V  forms  a  very  small  proportion  of  those  which  they 
contain. 

XII. — The  roots  of  the  XII  were  described  by  Gaskell  *  as 
consisting  of  fine  fibres,  and  of  fibres  of  from  7*2  to  10*8  /x.  In 
the  dogs  examined,  it  was  found  that  whereas  the  upper  rootlets 
of  the  hypoglossal  contain  meduUated  fibres  of  all  sizes  up  to 
11*2  /A,  in  the  lower  rootlets  the  maximum  diameter  was  as 
great  as  16  /i. 

*  Vide  Oowera'  Dm.  of  Nero,  System,  vol.  ii.  '  Loc.  cit, 

■  Proc  Fhye.  Soc,  1898.  *  Loc,  cit. 
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The  rootlets  converge  to  form  the  trunk  of  the  nerve,  through- 
out which  the  largest  fibres  are  uniformly  scattered.  The  nerve 
also  receives  the  ganglionated  root  of  Froriep  and  Gaskell,  which 
consists  of  meduUated  fibres  up  to  11-2  yDi  in  diameter.  It  receives 
extracranially  oneor  two  fine  branches  from  the  vagus  and  pharyn- 
geal plexus,  consisting  of  mednllated  fibres  up  to  11'2  fi  in 
diameter,  and  a  largish  branch  from  the  sympathetic,  consisting 
mostly  of  grey  fibres,  with  a  few  small  medullated  ones.  It  does 
not  receive  any  branch  from  the  1st  cervical.  j 

Tho  branches  of  distribution  may  be  divided  into  two  sets 
by  the  maximum  diameter  of  the  medullated  fibres.    In  tlie 
descendeus  hypoglossi  (and  each  of  its  branches  to  the  thyro-  [ 
hyoid,  and  anterior  portions  of  the  sterno-hyoid  and  sterno- 
thyroid), and  in  the  genio-hyoid,  the  maximum  diameter  is  ; 
16  /i,  whilst  in  all  the  other  branches  the  maximum  diameter  , 
is  11-2  m.    All  the  branches  contain  grey  fibres,  which  have   ■ 
come  from  the  sympathetic.  j 

In  the  dog,  then,  the  XII  innervates  the  tongue  muscles,  the  \ 
genio-hyoid,  thyro-hyoid,  and  anterior  portions  of  the  stemo-  \ 
hyoid  and  sterno-thyroid;  whilst  the  comnmnicans  hypoglossi,  i 
which  sends  a  small  branch  to  the  descendens  and  innervates  i 
the  lower  part  of  the  sterno-hyoid  and  sterno-thyroid  (the  omo-  j 
hyoid  being  absent  iu  the  dog),  comes  from  the  first  cenncal 
uerve.^ 

On  comparing  this  with  the  experimental  investigations  of 
Horsley  and  Bee vor  ^  and  of  Hisien  Russell  *  in  the  monkey,  a 
difference  is  seen  to  exist.  In  both  animals  the  genio-hyoid 
is  innervated  by  the  hypo-glossal  roots ;  but  whereas  in  the 
monkey  the  descendens  hypoglossi  comes  from  the  first  and  the 
communicans  from  the  second  cervical  root,  in  the  dog  the 
descendens  is  a  part  of  the  hypo-glossal,  and  the  communicans 
comes  from  the  first  cervicaL 

The  hyoid  depressors  are,  then,  post-fixed  *  in  the  monkey  as 
compared  with  the  dog. 

The  anatomy  of  the  nerves  in  man  suggests  that  the  condition 
is  like  that  in  the  monkey. 

^  Vide  Ellenberger  and  Banm,  Anaiomie  dea  Hundes, 

3  Proc,  Hoy,  Soc.,  1888,  and  Brik  Med.  Jour.^  1888. 

^  Brain,  1887.  ^  Usiug  Sherriugtou'a  nomenclatare. 
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MeduUated  JUn'es  of  sympathetic  origin, — Before  any  attempt  is 
made  to  clafisify  the  medullated  fibres  in  the  various  branches 
of  the  cranial  nerves,  the  medullated  fibres  which  have  entered 
these  branches  from  the  sympathetic  must  first  be  considered. 
They  are,  as  stated  above  in  describing  individual  nerves,  ex- 
ceedingly few  in  number,  and  are  mostly  under  4  /i  in  diameter, 
s^l  aud  the  largest  seen  had  a  diameter  of  only  6*4  /j..  The  general 
I  statements  made  below  will  therefore  not  be  affected  by  the 
existence  of  these  scanty  medullated  fibres  of  sympathetic 
origin. 

iiL  Classification  of  Muscular  Branches. 

If  the  diameters  of  the  fibres  in  the  branches  of  the  cranial 
nerves  passing  to  muscles  be  compared  with  one  another,  it  is 
seen  that  the  nerve  fibres  may  be  separated  into  two  divisions 
hj  their  maximum  sizes. 

(a)  Nerve  fibres  of  all  sizes  up  to  16  /u  in  diameter  are  found 
in  the  III  (external  ocular  muscles),  IV  (superior  oblique),  VI 
(external  rectus  and  retractor  oculi),  V  (temporal,  pterygoids, 
masseter,  and  anterior  digastric),  VII  (posterior  digastric  and 
stylo-hyoid),  XII  (genio-hyoid,  thyro-hyoid,  and  anterior  portions 
of  sterno-hyoid  and  stemo-thyroid),  and  XI  spinal  (steruo- 
mastoid  and  trapezius). 

(j8)  Nerve  fibres  of  all  sizes  up  to  11*2  /ul  in  diameter  are 
found  in  the  V  (mylo-hyoid,  tensor  tympani,  and  tensor  veli 
palatini),  VII  (facial  muscles),  IX  (stylo-pharyngeus),  X  (palato- 
glossus, palato-pharyngeus,  constrictores  pharyngei,  azygos  uvulse, 
and  levator  veli  palatini),  XI  (medullary  laryngeal  muscles), 
and  XII  (genio-glossus,  hyo-glossus,  and  intrinsic  tongue  muscles). 

As  regards  variation  of  maximum  diameter  in  different 
animals,  it  was  found  that  the  maximum  diameter  of  the  fibres 
placed  in  the  first  division  might  be  as  high  as  17'6  fi  or  as  low 
HB  14*4  fi,  whereas  that  of  the  fibres  in  the  second  division 
varied  between  12'8  fi  and  9'6  )u.  The  maximum  diameters  of 
the  two  classes,  then,  do  not  overlap,  but  are  separate  aud 
distinct 

Before  the  import  of  the  existence  of  these  two  classes  of 
cranial  nerves  can  be  discussed,  cousidcration  must  be  given  to 


124  MR  F.   H.   KDGKWORTH. 

the  question  whether  all  the  fibres  in  these  branches  are  motor 
(or  at  any  rate  direct)  fibres,  or  whether  some  of  the  fibres  in  at 
least  some  of  the  branches  may  not  be  root  ganglion  fibres. 

The  first  group  of  fibres  in  which  the  maximum  diavmeter  is 
as  great  as  16  /a  may  be  taken  first.  It  is  obvious  that  the  III 
(external  ocular  muscles),  IV,  VI,  and  XI  (spinal)  have  no  pos- 
terior root  ganglia.  All  the  meduUated  fibres  in  them  come 
directly  from  the  central  nervous  system.  This  suggested  that 
the  other  muscles  of  this  group  were  also  devoid  of  root  ganglion 
fibres.  An  attempt  was  made  to  decide  the  question  by  inspec* 
tion  of  serial  sections  through  the  roots  of  the  nerves.  In  the 
case  of  the  VII  and  XII  it  was  not  found  possible  to  come  to 
any  decision,  the  fibres  become  so  inextricably  mingled.  In  the 
V,  however,  it  was  quite  easy  to  see  that  the  branches  to  the 
temporal,  masseter,  and  pterygoid  muscles  come  exclusively 
from  the  motor  root,  and  receive  no  fibres  from  the  sensory  root 
of  the  V.^  The  branch  to  the  anterior  digastric  separates  from 
the  mylo-hyoid  nerve  so  low  down  that  it  might  or  might  not 
(as  far  as  microscopical  examination  went)  have  fibres  in  it 
coming  from  the  sensory  root. 

Further,  Dr  Aldren  Turner  was  good  enough  to  divide  the 
VII  nerve  intra-cranially  (i.e.,  above  the  geniculate  ganglion)  in 
a  rhesus  monkey.  The  branches  were  examined  after  an  in- 
terval of  three  weeks.  Inspection  of  the  nerve  fibres  of  the 
facial  nerve  on  the  uncut  side  showed  that  the  maximum  dia- 
meter of  those  passing  to  the  posterior  digastric  and  stylo-hyoid 
muscles  was  14*4  /i,  whilst  that  of  the  nerve  fibres  in  the  other 
muscular  branches  of  the  facial  was  12*8  /a.  This  is  a  difference 
similar  to  that  which  occurs  in  the  dog.  On  the  cut  side  it  was 
found  that  in  the  branch  of  the  facial  to  the  posterior  digastric 
and  stylo-hyoid  muscles,  all  the  meduUated  fibres  had  dis- 
appeared with  exception  of  three  only,  all  of  which  were  under 
4  /x  in  diameter.  On  the  other  hand,  in  the  continued  trunk  of 
the  facial,  after  it  had  given  off  this  branch,  although  a  very 
large  number  of  the  meduUated  fibres  had  gone,  many  (?  a  third 
of  the  original  number)  persisted :  these  were  of  all  diameters  up 
to  11*2  )u  as  a  maximum.     Insomuch  as  it  is  probable  that  the 

1  It  was  subsequently  ascertained,  from  Dixon's  paper  {loc.  cU,\  that  this  fact 
had  preFiously  been  stated  by  His.  * 
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three  small  fibres  ia  the  posterior  digastric  and  stylo-hyoid 
branch  come  into  the  facial  from  without,  possibly  from  the 
sympathetic,  vid  the  great  superficial  petrosal,  it  is  concluded 
that  whereas  these  muscles  have  no  posterior  root  ganglion 
fibres  passing  to  them,  the  other  muscles  innervated  by  the 
facial  nerve  receive  not  only  motor  fibres,  but  also  many  muscle- 
seasory  fibres,  having  their  posterior  root  ganglion  cells  in  the 
geniculate  ganglion. 

In  regard  to  the  XII  nerve,  it  is  stated  by  Sherrington  ^  that 
in  an  amyelous  human  foetus,  in  which  **  there  existed  not  a 
single  motor  (ventral)  spinal  nerve  root  in  any  segment," 
"  the  hypo-glossal  trunk  reaches  the  tongue,  and  gives  off  a  large 
leash  of  lingual  twigs,  as  well  as  its  usual  branches  to  stylo- 
glossus, hyo-glossus,  genio-hyoideus,genio-hyo-glos8U8,  and  thyro- 
hyoideus.  It  gives  off  n.  descendens  noni  as  usual.  Tracing  the 
normal-looking  nerve  trunk  backward,  however,  it  seems  to  be 
almost  exclusively  formed  by  a  branch  from  the  2nd  cervical 
ganglion  and  another  from  the  vagus  below  the  vagus  ganglion. 
I  say  almost,  because  a  filament  of  it  seems  to  be  traceable  to 
the  base  of  the  skull  posterior  to  the  vagus  exit,  and  I  then  lose 
it''  From  this  it  appears  probable  that  in  the  dog  the  muscles 
innervated  by  the  XII  and  placed  in  the  first  division  receive 
muscle-sensory  as  well  as  motor  nerve-fibres. 

Of  the  first  group  of  muscles,  then,  it  may  be  said  that  they 
receive  no  muscle-sensory  nerves.  To  this  statement  the  anterior 
digastric  (V)  is  a  doubtful,  and  the  geniohyoid,  thyro-hyoid,  and 
anterior  portion  of  the  sterno-hyoid  and  sterno- thyroid  (XII)  a 
positive,  exception.  On  the  other  hand,  the  evidence  as  yet 
available  points  to  the  view  that  the  muscles  of  the  second 
group  receive  muscle-sensory  fibres  of  all  sizes  up  to  a  maximum 
diameter  little  short  of  that  of  their  motor  fibres.  The  above- 
described  experiment  gives  positive  evidence  in  the  case  of  the 
facial  nerve;  and  Sherrington  states  that  in  the  above-mentioned 
foetus  the  branches  of  the  vagus,  including  the  recurrent 
laryngeal,  the  glosso-pharyngeal,  and  the  V,  were  easily  found, 
and,  as  above  mentioned,  that  the  lingual  twigs  of  the  XII  were 
present 
The  cranial  motor  nerve-fibres  were  divided  by  Gaskell  ^  into 

^  Jour,  of  Phys, ,  vol.  xii.  *  Zoe,  cU 
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two  groups, — '  somatic/  supplying  the  muscles  developed  in  the 
dorsal  portions,  and  '  non-ganglionated  splanchnic/  supplyinir 
the  muscles  developed  in  the  ventral  portions  of  the  head 
somites.  The  III,  IV,  VI,  and  XII  were  included  in  the  first, 
the  V,  VII,  IX,  X,  XI  (spinal  and  medullary)  in  the  second 
division.  This  suggests  that  the  muscles  placed  in  the  first 
division  made  above  are  somatic,  and  those  in  the  second 
splanchnic  in  origin.  This  hypothesis  is  obviously  a  repetition 
of  Gaskeirs  classification  in  regard  to  the  III,  IV,  VI,  V  (mjlo- 
hyoid,  tensor  tympani,  and  tensor  veli  palatini),  VII  (facial 
muscles),  IX,  X,  XI  (medullary),  XII  (genio-hyoid,  thyro-hyoid, 
and  anterior  portions  of  Jsterno-hyoid  and  stemo-thyroid).  It 
differs  from  Gaskell's  classificatiuu  in  that  the  temporal, 
masseter,  pterygoids  (V),  posterior  digastric  and  stylo-hyoid 
(VII),  sterno-mastoid  and  trapezius  (XI  spinal)  are  held  to  be 
somatic,  and  that  the  tongue  muscles  (XII)  are  considered  to  be 
splanchnic  structures.  Evidence  for  these  views  was  sought  bj 
tracing  the  development  of  the  muscles  in  question. 


iv.  Development  of  certain  Cranial  Muscles. 

The  rabbit  was  first  taken,  and  an  endeavour  made  to  trace 
the  first  formation  of  the  muscles  of  the  head,  but  it  was  found 
that  they  develop  so  relatively  late  from  what  appears  to  be 
indifferent  mesoblast  that  the  question  could  not  be  decided. 
The  tadpole  of  the  toad  was  subsequently  investigated,  with  the 
results  which  are  here  described. 

Before  giving  a  detailed  account  of  the  phenomena  observed, 
it  is  to  be  remarked  that  Van  Wijhe  ^  states  that  in  Elasmo- 
branchs  no  muscles  are  developed  from  the  myotomes  of  the 
4th  and  5th  cranial  segments  (i.e.,  that  the  V  and  VII  nerves 
supply  no  somatic  muscles),  whilst  the  myotome  of  the  6th 
cranial  segment  remains  very  rudimentary.  He  also  states 
that  the  myotomes  of  the  7th,  8th,  and  9th  cranial  segments 
give  rise  to  *'vom  Schadel  zum  Schultergiirtel  ziehende 
Muskeln  nebst  dem  vordersten  Theile  des  Sternohyoideus." 

^  "  t)ber  die  Mcsodermsegniente  uud  die  Eatwickelung  der  Nerven  des  Selacliier 
kopfes." 
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The  tadpoles  were  fixed  in  a  solution  of  mercuric  perchloride, 
staiDed  in  borax-carmine,  imbedded  in  paraffin,  and  cut  into 
serial  aectiona  in  various  planea. 

In  the  earliest  stage  depicted,  2j^  mm.  in  length,  transverse 
and  longitudinal  sections  (vide  figs.  1  and  13)  show  that  there 
are  three  gill-slits,  the  hyo-maudibular  and  1st  and  2nd  branchial, 
and  that  the  mesoderm  of  the  head  forms  a  continuous  sheet  on 
either  side  the  gut,  with  no  trace  of  a  body-cavity. 

By  the  time  the  embryo  has  attained  a  length  of  2^  mm.  a 
split  has  appeared  in  the  ventral  part  of  the  mesoderm  of  the  6th 
and  succeeding  segments,  the  cavity  of  which  is  continuous  with 
the  pleuro-peritoneal  cavity  behind,  of  which  it  forms  the 
anterior  portion. 

No  trace  of  a  body-cavity  is  found  at  any  stage  of  develop- 
ment in  the  dorsal  portions  of  any  of  the  segments  of  the 
head,  or  in  the  ventral  portions  of  the  4th  and  5th  head 
segments. 

Successive  gill-slits  are  formed  behind  the  first  three,  and 
when  the  tadpole  has  reached  the  length  of  3  mm.  there  are  five — 
the  hyo-mandibular  and  the  1st,  2nd,  3rd,  and  4th  branchial  (fig. 
2).  This  figure  also  shows  that  there  is  a  progressive  retarda- 
tion from  before  backward  in  the  aggregation  of  cells  to  form 
the  myotomes  of  the  respective  segments).  When  the  tadpole 
is  2^  mm.  long  the  mesoderm  of  the  4th  segmenD  forms,  on 
either  side  of  the  gut,  a  continuous  sheet,  the  cells  of  which  are 
all  alike  (figs.  3  and  4).  At  a  length  of  3  mm.  the  differentiation 
of  the  mesoderm  of  the  4th  segment  has  begun,  and  there  is  on 
either  side  of  the  gut  a  long  vertically  placed  strip  of  cells, 
more  closely  aggregated  together  than  the  rest  of  the  mesoderm 
on  each  side  of  the  strip  (figs.  5  and  6).  The  outer  side  of  this 
strip  of  aggregated  cells  is  more  sharply  defined  than  its  inner 
side,  and  nuclei  in  a  state  of  karyokinesis  are  more  frequent  in  it 
than  in  the  rest  of  the  mesoderm.  As  will  be  shown  below, 
this  band  of  cells  is  the  first  definite  trace  of  certain  of  the 
muscles  which  are  developed  in  this  segment. 

The  band  is  better  defined  and  more  clearly  marked  ofif  from 
the  rest  of  the  mesoderm  when  the  tadpole  has  attained  a  length 
of  4  mm.  (fig.  7).  By  the  time  the  tadpole  is  4J  mm.  long  it  is 
seen  that  the  band  has  separated  into  two  portions, — an  upper, 
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situated  dorso-lateral  and  lateral  to  the  gut,  and  a  lower, 
situated  ventro-lateral  to  the  gut  (fig.  8). 

A  similar  series  of  changes  takes  place  in  the  5th  cranial 
segment.  At  a  length  of  2^  mm.  there  is  a  layer  of  undifferen- 
tiated mesoderm  on  either  side  of  the  gut  (mde  fig.  9).  When 
the  tadpole  is  3  mm.  long,  this  has  separated  into  a  vertical 
band  of  closely-packed  cells,  on  each  side  of  which  the  mesoderm 
is  looser  in  texture  (fig.  10).  The  hyo-mandibular  cleft  is  seen 
in  this  section,  and  it  appears  as  if  the  vertically-placed  strip 
were  outside  the  gill-cleft :  this  appearance  is  due  to  the  fact 
that  the  hyo-mandibular  cleft  projects  forwards  as  well  as  out- 
wards {vide  fig.  2).  In  fig.  11,  from  a  tadpole  4  mm.  in  length, 
the  section  depicted  is  relatively  a  little  more  caudalwards,  and 
just  behind  the  springing  of  the  hyo-mandibular  cleft. 

By  the  time  the  tadpole  is  4J  mm.  long  (fig.  12)  this  vertically 
placed  band  of  mesoderm  has  nearly  separated  ^  into  an  upper 
and  lower  portion,  the  upper  situated  dorso-laterally,  the  lower 
ventro-laterally  of  the  gut,  exactly  as  in  the  case  of  the  4th 
segment. 

The  mesoderm  of  the  6th  cranial  segment,  when  the  tadpole 
is  2^  mm.  long,  is  undifferentiated,  and  there  is  no  pleuro- 
peritoneal  cavity  (fig.  13).  Shortly  afterwards  a  slit  appears  in 
the  ventro-lateral  portion  of  the  mesoderm — the  beginning  of 
the  body-cavity  in  this  segment  (fig.  14,  from  a  tadpole  2J  mm. 
long). 

The  mesoderm  dorsal  to  the  body-cavity,  by  the  time  the 
tadpole  is  3  mm.  long,  has  separated  into  a  closely  packed  strip 
of  cells,  on  each  side  of  which  are  a  few  scattered  ones  (fig.  15). 
This  strip  is  better  marked  when  the  tadpole  is  4  mm.  in 
length  (fig.  16). 

The  mesoderm  of  the  7th  segment  is  barely  formed  when  the 
tadpole  is  2 J  mm.  long  (fig.  1).  As  it  grows  in  length  the 
mesoderm  of  the  7th  segment  is  seen,  in  transverse  sections  of  a 
tadpole  2^  mm.  long,  to  be  a  uniform  band  of  mesoderm  just 
behind  the  2nd  branchial  cleft,  whilst  there  is  a  body-cavity  in 
the  ventro-lateral  portion  (fig.  17). 

When  the  tadpole  is  3  mm.  in  length,  the  mesoderm  of  the 

^  The  figure  shows  that  the  separation  is  complete,  but  a  little  farther  back 
(vide  fig.  48 — taken  from  the  same  tadpole)  it  is  incomplete. 
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'th  aegment,  dorsal  to  that  portion  where  the  pleuro-peritoueal 
cavity  has  appeared,  has  differentiated  into  a  central  closely- 
packed  mass,  on  either  side  of  which  are  a  few  scattered  cells 
(fig.  18).  The  process  has  advanced  further  by  the  time  the 
tadpole  is  4  mm.  long  (fig.  19). 

Longitudinal  horizontal  sections  show  that  a  similar  process 
takes  place  in  the  8th  and  9th  segments,  and  that  the 
ventral  portions  of  the  successive  strips  of  packed  mesoderm 
cells  of  the  7th,  8th,  and  9th  are  early  united  together  from 
before  backwards  to  form  a  continuous  sheet  (figs.  24  and  25). 

These  strips  of  iiggregated  mesoderm  cells  are  the  rudiments 
of  certain  cranial  muscles,  the  development  of  which  will  be 
subsequently  traced,  but  before  doing  so  their  morphological 
value  must  be  considered. 

It  is  clear  that  the  lower  portions  of  the  bands  in  the  4th  and 
5th  s^ments,  which  have  separated  off  from  the  upper  portions 
by  the  time  the  tadpole  has  attained  a  length  of  4^  mm.,  are 
sitaated  ventro-laterallj  to  the  gut,  and  correspond  in  part  to 
the  '  Seitenplatten '  of  v.  Wijhe,  t.e.,  are  splanchnic. 

The  upper  portions  on  either  side  of  the  gut,  both  of  these 
and  of  the  succeeding  segments,  might  be  regarded  as  either  an 
npper  splanchnic  portion,  or  represent  the  myotomes  of  v.  Wijhe, 
u.,  might  be  somatic. 

In  favour  of  the  former  view  there  is  the  statement  of  v. 
Wijhe,  as  mentioned  above,  that  in  Elasmobrauchs  the  myotomes 
of  the  4th  and  5th  segments  atrophy  early  in  development,  and 
the  myotome  of  the  6th  segment  remains  very  rudimentary. 

On  the  other  band,  it  is  much  more  probable  that  they  are 
somatic,  corresponding  to  the  myotomes  of  Elasmobrauchs,  and 
for  the  following  reasons. 

If  these  dorsal  portions  represent  splanchnic  structures  only, 
it  might  be  expected  that  some  rudiments  of  aggregations  of 
cells  would  appear  dorsal  to  them,  and  then  vanish :  this  does 
not  happen* 

Again,  the  upper  limit  of  the  dorso-lateral  strip  of  cells 
in,  say,  the  4th  segment  (fig.  5)  is  exactly  similar  to  that 
depicted  by  v.  Wijhe  m^  the  case  of  the  myotomes  of  Elasmo- 
brauchs; the  difference  lies  only  in  the  fact  that  the  lower 
limit  of   this  dorso-lateral  strip   extends   more  ventrally  in 
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the  tadpole  than  in  the  Elasmobranch.  And,  lastly,  v.  Wijhe 
says,  as  quoted  above,  that  in  Elasmobranchs  the  anterior 
portion  of  the  sterno-hyoid  is  developed  from  the  myotomes  of 
the  7th,  8th,  and  9th  segments.  Now,  as  will  be.  shown  below, 
the  dorso-lateral  strips  of  cells  of  the  7th,  8th,  and  9th  segments 
of  the  tadpole  give  origin  to  the  genio-hyoid,  stemo-hyoid  and 
omo-hyoid.  Hence  it  is  fairly  certain  that  they  are  somatic, 
and  therefore  the  similarly  situated  muscle-rudiments  in  the 
6th,  5th,  and  4th  segments  are  also  somatic.  Compare  fig.  19 
(7th  segment)  with  figs.  16  (6th  segment),  12  (5th  segment), 
and  8  (4th  segment).  It  is  concluded  that  the  myotomes  of  the 
4th,  5th,  |nd  6th  segments  do  not  atrophy  or  remain  rudi- 
mentary in  the  tadpole  as  they  do  in  the  Elasmobranch,  but 
persist  and  develop  into  muscles,  as  will  now  be  shown. 

The  further  development  of  the  muscles  may  be  conveniently 
taken  in  groups,  and  those  of  the  4th  and  5th  segments  first  of 
alL  The  changes  undergone  by  the  ventro-lateral  groups  of 
mesoblast  cells  are  simple.  Their  lateral  ends  become  attached 
to  Meckel's  cartilage  and  the  cerato-hyal  respectively,  and  their 
inner  ends  join  together,  forming  the  meckelian  and  hyoidean 
mylo-hyoid  muscles  (vide  figs.  24,  25,  26-32,  39-41).  The 
meckelian  mylo-hyoid  is  a  thin  broad  sheet,  whilst  the  hyoidean 
mylo-hyoid  is  a  thick  band  of  muscle.  One  or  two  of  the  pos- 
terior fibres  of  the  hyoidean  mylo-hyoid  become  attached  to  the 
1st  branchial  cartilage. 

During  metamorphosis  these  two  muscles  fuse  together  to 
form  the  mylo-hyoid  muscle  of  the  toad  (vide  figs.  63,  64),  which 
differs  from  that  of  mammals  in  that  it  has  a  hyoidean  as  well 
as  a  meckelian  portion,  and  is  innervated  by  the  VII  as  well  as 
by  the  V  nerve. 

The  myotome  of  the  4th  segment,  which  is  at  first  placed 
dorso-ventrally,  soon  becomes  tilted  so  that  its  dorsal  end  is 
more-  posterior  than  its  ventral  extremity.  This  process,  which 
is  fairly  evident  in  fig.  7,  from  a  tadpole  4  mm.  long,  is  very 
marked  by  the  time  a  length  of  4J  mm.  is  attained  (figs.  21-25). 
It  results  in  the  myotome  lying  across  and  on  the  inner  side  of 
the  myotome  of  the  5th  segment. 

The  4th  myotome  gradually  becomes  separated  into  two,  the 
anterior  digastric  muscle,  passing  from  the  outside  and  inner 
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surface  of  the  suspensorium  to  Meckel's  cartilage,  and  a  long 
strip  of  muscle  lying  on  the  inside  of  the  suspeusorium,  with  its 
front  end  attached  to  the  dorsal  surface  of  Meckel's  cartilage 
{vide  figs.  21-25).  This  long  strip  becomes  divided  into  three 
portions, — the  pterygoid,  which  arises  posteriorly  from  the  under 
surface  of  the  pedicle  of  the  suspensorium,  and  the  temporal 
and  masseter,  which  arise  from  the  inner  surface  of  the  suspen- 
sorium, and  from  the  dorsal  surface  of  its  pedicle  (vide  figs.  26- 
32  and  33-41), 

The  myotome  of  the  5th  segment  develops  into  (1)  the  posterior 
digastric  muscle,  which  passes  from  the  outside  of  the  orbitar 
process  of  the  suspensorium  to  the  top  of  the  cerajo-hyal,  and 
(2)  a  muscle  which,  lying  just  below  the  anterior  digastric,  passes 
from  the  cerato-hyal  to  Meckel's  cartilage  (vide  figs.  20-23,  28- 
32,  and  33-36). 

This  condition  of  the  muscles,  developed  thus  early  in  tadpole 
life,  persists  until  metamorphosis  begins.  The  changes  which 
then  take  place  occur  concurrently  with  those  in  the  cartilages. 
Meckel's  cartilage  elongates  backwards,  so  that  from  being  a 
sjuall  ma^  attached  to  the  front  end  of  the  suspensorium,  it 
becomes  a  long  bar  directed  antero-posteriorly ;  at  the  same 
time  the  front  end  of  the  suspensorium  rotates  downwards  and 
backwards,  and  its  orbitar  process  atrophies.^ 

The  beginning  of  the  changes  in  the  muscles  is  seen  in  figs. 
42-46.  Little  alteration  takes  place  in  the  relative  position 
of  the  muscles  on  the  inner  surface  of  the  suspensorium;  the 
pterygoid  is  seen  to  be  attached  to  the  inside  edge  of  Meckel's 
cartilage,  whilst  the  masseter  and  temporal  are  inserted  into  its 
outside  edge.  The  muscle  which,  developed  from  the  5th  myo- 
tome, connects  together  the  cerato-hyal  and  Meckel's  cartilage, 
atrophies  early  in  metamorphosis.  The  greatest  change  takes 
place  in  the  posterior  digastric :  as  the  orbitar  process  of  the 
suspensorium  atrophies,  the  upper  end  of  the  posterior  digastric 
extends  upwards  to  the  roof  of  the  skull,  whilst  its  lower  end 
loses  its  attachment  to  the  top  of  the  cerato-hyal  and  becomes 
fixed  to  the  hind  end  of  the  now  elongated  Meckel's  cartilage. 
The  anterior  digastric,  owing  to  this  forward  movement  of  the 
posterior  digastric  and  the  elongation  backwards  of  Meckel's 

^  Vide  Balfour.    Comp.  Embry,,  vol.  ii. 
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cartilage,  now  lies  on  the  inner  side  of  the  latter  muscle,  and 
the  two  muscles  together  form  the  depressor  mandibulse  of  the 
toad,  which  is  innervated  by  the  Yth  and  Vllth  nervea 

The  myotome  of  the  6th  s^ment  was  left  as  a  mass  of  cells 
lying  lateral  to  the  gut,  just  behind  the  1st  branchial  cleft  (vide 
figs.  16  and  47,  from  tadpoles  4  mm.  long).  It  gradually  becomes 
divided  into  an  upper  and  lower  portion  (vide  figs.  48-50,  from  a 
tadpole  4^  mm.  long),  the  former  of  which  becomes  the  most 
anterior  petro-hyoid  muscle  (vide  figs.  50  and  51),  whilst  the 
latter  assumes  a  more  and  more  ventral  position  (vide  fig.  25). 
From  this  lower  portion  is  formed  a  muscle  which  connects 
the  ventral  end  of  the  2nd  branchial  cartilage  to  the  upper  sur- 
face of  the  cerato-hyal  cartilage  (vide  fig.  39).  This  muscle 
persists  during  the  whole  of  tadpole  life,  and  only  disappears 
as  metamorphosis  comes  on. 

•  The  myotomes  of  the  7th,  8th,  and  9th  segments  were  left  as 
strips  of  cells  lying  laterally  to  the  gut  (vide  fig.  19,  from  a  tad- 
pole 4  mm.  long).  From  these  myotomes  two  sets  of  muscles 
are  developed :  from  the  upper  ends  are  formed  the  2nd,  3rd, 
and  4th  petro-hyoid  muscles  (vide  figs.  51-53,  56,  and  57), 
exactly  as  in  the  case  of  the  6th  segment ;  whilst  the  lower 
portions  shift  ventrally  so  as  to  lie  dorso-laterally  to  the  pleuro- 
peritoneal  cavity  between  this  and  the  developing  branchial 
chamber  (vide  figs.  24,  25,  55,  and  56).  The  lower  portion  of  the 
myotome  of  the  7th  segment  forms  the  genio-hyoid  muscle; 
its  front  end  rapidly,  extends  forward  (vide  fig.  54)  and  becomes 
attached  to  the  inferior  labial  cartilage,  whilst  its  hind  end  is 
fixed  to  the  basi-branchial  plate  (vide  fig.  41).  No  further 
change  in  the  position  and  connections  of  the  genio-hyoid 
muscle  takes  place  during  tadpole  life ;  shortly  before  metamor- 
phosis, its  anterior  portion  divides  into  two  parallel  slips,  an 
inner  and  outer  (vide  figs.  42-46,  63,  64).  As  metamorphosis 
comes  on,  the  inferior  labial  cartilage  disappears,  and  the  front 
end  of  the  genio-hyoid  becomes  attached  to  the  anterior 
extremity  of  Meckel's  cartilage  (vide  figs.  63,  64). 

The  lower  portions  of  the  8th  and  9th  myotomes  fuse  antero- 
posteriorly  (vide  figs.  24  and  25),  and  form  a  strip  of  cells  occu- 
pying at  first  the  same  position  in  regard  to  the  pleuro-peritoneal 
cavity  and  branchial  chamber  as  the.genio-hyoid.    Subsequently, 


MEDULLATKD  FIBRES  OF  CBANIAL  NEEVES,  ETC.  138 

its  hind  end  assumes  a  still  more  ventral  position,  and  figs.  40 
and  57  show  the  strip  of  cells  as  a  flattish  band  of  muscle 
between  the  pleuro-peritoneal  cavity  and  the  branchial  chamber, 
with  its  posterior  end  more  ventral  than  its  front  end,  which  is 
attached  to  the  ventral  end  of  the  3rd  branchial  cartilage. 
Very  little  further  change  takes  place  until  the  development 
of  the  shoulder  girdle,  shortly  before  metamorphosis,  when  the 
posterior  end  of  the  band  of  muscle,  hitherto  free,  becomes 
attached  to  it,  the  lateral  edge  forming  the  omo-hyoid,  and  the 
median  the  sterno-hyoid  (vide  fig.  71).  A  few  fibres  of  these 
muscles  are  continued  forward  into  the  genio-hyoid,  but  the 
main  mass  is  inserted  into  the  hyoid  plate. 

It  would  appear,  then,  that  the  ventral  longitudinal  muscles 
of  the  neck  are  formed  from  the  ventral  portions  of  the  myo- 
tomes of  the  7th,  8th,  and  9th  segments ;  they  originate,  at 
about  the  same  period,  by  a  downward  shifting  from  their  respec- 
tive myotomes, — the  genio-byoid  from  the  7th,  the  sterno-  and 
omo-hyoid  from  the  8th  and  9th  segments.  Whereas  the  genio- 
hyoid early  assumes  its  permanent  form,  the  sterno-  and  omo- 
hyoid only  do  so  later,  on  the  development  of  the  shoulder 
girdle.  These  facts  may  be  correlated  with  the  early  import- 
ance of  the  jaws  and  the  late  development  of  the  shoulder  girdle 
in  the  tadpole. 

On  comparing  the  development  of  the  sterno-  and  omo-hyoid 
in  the  Elasmobranch  and  the  tadpole,  a  difference  is  found  to 
exist  In  the  former,  v.  Wijhe  says,  as  quoted  above,  that  the 
7th,  8th,  and  9th  myotomes  give  rise  to  the  fore  part  of  the 
sterno-hyoid  and  to  muscles  passing  from  the  skull  to  the 
shoulder  girdle.  In  the  tadpole  no  muscles  other  than  the 
2nd,  3rd,  and  4th  petro-hyoids  and  the  genio-stemo-  and  omo- 
hyoid are  formed  from  the  7th,  8th,  and  9th  myotomes  of  the 
head,  and  no  elements  are  added  to  the  hind  ends  of  the  latter 
muscles  from  the  myotomes  of  the  trunk.  The  sterno-  and 
omo-hyoid  are  the  representatives  in  the  head  of  the  ventral 
longitudinal  muscles  of  the  trunk,  and  the  explanation  of  the 
difference  between  the  tadpole  and  the  Elasmobranch  in  their 
development  possibly  lies  in  the  very  anterior  position  of  the 
shoulder  girdle  in  the  former  animal.    Thus  the  scapula,  when 
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first  formed,  lies  directly  over  the  transverse  process  of  the  1st 
cervical  vertebra  in  the  tadpole. 

Tangiie  muades, — No  trace  of  the  tongue  muscles  is  seen  until 
shortly  before  metamorphosis  begins.  Thus  in  longitudinal  and 
transverse  sections  of  tadpoles  14  muL  in  length  (figs.  58  and  59) 
the  genio-hyoid  muscle  is  seen  passing  from  the  1st  basi-brancbial 
cartilage  to  the  inferior  labial  cartilage,  whilst  there  are  a  few 
scattered  cells  only  below  the  buccal  epithelium,  lying  between  the 
basi-hyal  and  Meckel's  cartilages,  and  well  above  the  genio-hyoid 
muscle.  Soon  after  the  hind  legs  have  appeared,  these  cells  are 
seen  to  have  proliferated,  forming  a  mass  below  the  epithelium 
of  the  floor  of  the  mouth,  and  from  this  mass  there  is  an  out- 
growth backwards  to  form  the  hyo-glossus  muscle  (figs.  60  and 
61).  A  little  later  (fig.  62)  the  hyo-glossus  is  seen  to  have 
extended  backwards,  and  an  outgrowth  spreading  forwards,  to 
form  the  genio-glossus,  has  appeared,  and  the  protuberance  of  the 
tongue  is  greater.  In  the  tadpole  with  well  developed  hind  legs 
it  is  seen  (figs.  63  and  64)  that  the  hyo-glossus  has  spread 
backwards,  and  is  attached  to  the  hind  edge  of  the  hyoid  plate 
internal  to  the  genio-hyoid,  and  that  the  front  end  of  the 
genio-glossus  has  extended  forwards  to  Mockers  cartilage,  whilst 
the  tongue  is  much  greater  in  bulk. 

The  tongue,  then,  together  with  the  genio-glossus  and  hyo- 
glossus,  begins  to  be  developed  late  in  tlie  tadpole  stage,  and 
only  becomes  completely  formed  just  before  the  front  legs 
appear  externally.  It  is  not  developed,  as  is  generally  held, 
from  the  front  end  of  the  ventral  longitudinal  muscles,^  but  is 
quite  independent  in  origin,  being  derived  from  cells  lying 
between  Meckel's  cartilages  and  the  basi-hyal,  just  beneath  the 
epithelium  of  the  floor  of  the  mouth,  from  oells,  which  can  be 
traced  from  the  tadpole  stage  of  2\  mm.  iu  length,  lying  dorsal 
to  the  mylo-hyoid  between  this  and  the  floor  of  the  mouth  {cp, 
figs.  28,  8,  6,  5). 

It  is  concluded  that  the  tongue,  genio-glossus,  and  hyo-glossus 
are  splanchnic  in  origin,  inasmuch  as  they  are  developed  from 
that  portion  of  mesoblast,  ventral  and  ventro-lateral  to  the  gut, 
which  does  not  develop  into  the  mylo-hyoid.  It  is  by  reason  of 
this,  and  also  because  of  the  development  of  the  submentalis 

^  Vidt  Wiedershcim.    Coinp.  Anai,  of  FerUbrctUs,  traus.  by  Parker. 
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at  about-  the  same  period  from  the  splanchnic  m«soblast  just  in 
front  of  the  tongue  (vide  figs.  62-64),  that  the  masses  of  meso- 
blast  cells  which  develop  into  the  mylo>hyoid  musqle  cannot 
be  considered  to  represent  altogether  the  '  Seitenplatten '  of 
Elasmobranchs  in  these  segments. 

The  sections  do  not  show  whether  the  tongue  is  derived  solely 
from  the  4th,  or  from  both  this  and  the  5th  segment;  its 
development  takes  place  too  late  in  the  life-history  of  the 
tadpole.  The  growth  of  the  geuio-glossus  and  hyo-glossus 
respectively,  forward  and  backward,  suggest  that  possibly  meso- 
blast  ceUs  from  both  segments  play  a  part  in  their  origin. 

Laryngeal  muscles, — The  larynx  is  formed  as  a  median  pouch 
in  the  ventral  wall  of  the  gut,  in  the  region  of  the  4th  branchial 
arch.  It  first  becomes  visible  when  the  tadpole  is  5  mm.  long. 
Similarly,  at  the  same  stage,  a  trace  of  the  laryngeal  muscles  is 
first  seen ;  they  are  developed  from  hitherto  undifferentiated 
mesoblast  cells  lying  ventral  to  the  gut,  between  this  and  the 
pericardium,  on  either  side  of  the  median  laryngeal  diverticulum 
(mde  fig.  72).r  The  position  of  these  cells  in  relation  to  the  gut 
is  the  same  as  that  of  the  cells  from  which  the  tongue  muscles 
are  developed.  Both  the  larynx  and  the  laryngeal  muscles 
remain  rudimentary  until  shortly  before  metamorphosis  {vide 
fig.  71).  The  laryngeal  muscles^  then,  are  developed  from  the 
splanchnic  mesoblast  of  the  9th  segment  of  the  head. 

SteTTUhmastoid  aiid  Trapezius. — ^No  trace  of  the  stemo-mastoid 
and  trapezius  muscles  is  visible  until  a  very  late  stage  in  tadpole 
life.  Thus,  in  figs.  65-67,  from  a  tadpole  14  mm.  long,  it  is 
seen  that  the  trunk  myotomes  do  not  reach  quite  up  to  the  back 
of  the  auditory  capsule,  and  that  just  outside  the  pronephros 
there  is  the  beginning  of  a  fore  limb.  There  is  no  scapula,  and  no 
trapezius  nor  stemo-mastoid  muscle.  By  the  time  the  hind  legs 
have  appeared,  the  first  trunk  myotome  has  become  attached  to 
the  back  of  the  skull  (fig.  68),  but  is  still  undifferentiated.  At  a 
Uttle  later  stage,  in  which  there  are  small  hind  legs  (figs.  69, 70), 
the  first  trunk  myotome  has  split  up  into  portions,  of  which  the 
following  (in  fig.  69)  may  be  distinguished.  Just  outside  the 
medulla  there  is,  dorsally,  a  portion  of  the  myotome  simple  and 
undivided,  and  at  its  foot  there  are  three  muscles  which  pass 
from  the  skull  to  the  transverse  portion  of  the  1st  cervical 
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vertebra;  whilst  more  to  the  side  three  masses  of  muscles 
can  be  distinguished,  of  which  the  dorsal  one  is  the  trapezius, 
the  middle  one  the  sterno-mastoid,  and  the  lower  one  the 
levator  angnli  scapulfie.  In  fig.  70,  a  httle  further  back,  the 
scapula  is  visible,  the  trapezius,  sterno-mastoid,  and  levator 
anguli  scapulae  have  already  been  inserted  into  the  scapula, 
whilst  the  two  outer  of  the  muscles  passing  from  the  skull  to 
the  transverse  process  of  the  1st  cervical  vertebra  have  united, 
so  that  there  are  two  muscle  masses  only  at  the  foot  of  the 
undivided  portion  of  the  myotome.  In  fig.  71,  taken  from  a 
tadpole  with  large  hind  legs,  the  insertion  of  the  sterno-mastoid 
into  the  anterior  border  of  the  scapula  can  be  seen  on  the  right 
hand  side,  whilst  on  the  left  (which  is  a  little  more  anterior) 
the  trapezius  and  sterno-mastoid  are  seen  nearer  their  point  of 
origin. 

The  stemo-malstoid  and  trapezius  are  thus  absent  during  the 
greater  part  of  tadpole  life.  They  are  developed  from  the  Ist 
trunk  myotome  as  metamorphosis  comes  on,  in  correlation  with 
the  appearance  of  the  scapula.  They  are  therefore  not 
splanchnic,  but  somatic  in  origin. 

On  suiveying  the  development  of  the  myotomes  of  the  head, 
it  is  clear,  in  the  first  place,  that  from  each  of  the  8th  and  9th 
myotomes  (3rd  and  4th  branchial)  is  developed  dorsally  a 
petro-hyoid  muscle,  and  ventrally  a  constituent  of  the  strip 
of  muscle,  which  becomes  the  stemo-hyoid  and  omo-hyoid. 
Similarly,  from  the  myotome  of  the  7th  segment  (2nd  branchial) 
is  developed  dorsally  a  petro-hyoid  muscle,  and  ventrally  the 
genio-hyoid  muscle.  Similarly,  again,  from  the  myotome  of  the 
6th  segment  (1st  branchial)  is  developed  dorsally  the  foremost 
petro-hyoid  muscle,  and  ventrally  the  muscle  which  passes  from 
the  2nd  branchial  cartilage  to  the  cerato-hyal,  which  muscle, 
however,  has  only  a  larval  existence.  In  the  next  succeeding 
segments,  the  5  th  and  4th  (hyoid  and  maxillary),  such  a 
division  of  the  myotomes  into  a  dorsal  and  ventral  portion  is 
not  so  obvious,  possibly  by  reason  of  the  changes  dependent  on 
the  development  of  a  suctorial  mouth.  The  4th  and  5th 
myotomes,  like  those  which  follow,  are  at  first  placed  vertically, 
but  the  4th  soon  rotates  about  a  horizontal  transverse  axis,  so 
as  to  lie  on  the  inner  side  of  and  across  the  5th  myotome.     The 
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5th  mjotome  separates  into  the  posterior  digastric  (which  has 
much  the  same  position  as  the  petro-hyoid  muscles,  only  differ- 
ing in  that  its  upper  end  is  attached  to  the  orhitar  process  of 
thesuspensorium),  and  into  the  muscle  connecting  the  cerato-hyal 
to  Meckel's  cartilage,  tut  whether  the  latter  is  to  be  regarded 
as  a  forward  continuation  of  the  ventrally  placed  portions  of 
the  branchial  myotomes  seems  doubtful.  Like  the  muscle 
developed  from  the  ventral  portion  of  the  6  th  myotome,  the 
muscle  connecting  the  cerato-hyal  to  Meckel's  cartilage  has  only 
a  larval  existence.  There  is  no  trace  of  a  dorso-ventral  division 
of  the  4th  myotome,  unless  the  anterior  digastric,  which  is 
separated  off  from  its  front  (morphologically  ventral)  end, 
be  regarded  as  the  ventral  part  equivalent  to  those  in  the 
branchial  segments.  Determination,  by  experiment,  of  the  exist- 
ence or  absence  of  posterior  root-ganglion  fibres  for  this  muscle 
would  shed  light  on  the  question.  If  they  are  present,  the 
anterior  digastric  may  be  regarded  as  the  ventral  part  of  the 
4th  myotome,  and  the  most  anterior  representative  of  the 
ventral  longitudinal  muscles.  The  rest  of  the  4th  myotomes 
becomes  split  up  longitudinally  into  the  temporal,  masseter, 
and  pterygoid  muscles. 

In  regard  to  the  muscles  which  originate  in  the  splanchnic 
portions  of  the  head  segments,  the  mylo-hyoid  is  early  developed 
in  the  4th  and  6th  segments,  while  later  on,  towards  the  end  of 
larval  life,  the  submentalis  is  developed  in  the  4th,  and  the 
tongue  muscles  (Intrinsic  and  extrinsic)  from  the  4th  and  (?)  5th 
segments.  *1^o  skeletal  muscles  are  developed  in  the  splanchnic 
portions  of  the  6th,  7th,  and  8th  (Ist,  2nd,  and  3rd  branchial) 
segments,  whilst  in  that  of  the  9th  (4th  branchial)  the  laryngeal 
muscles  can  be  seen  at  an  early  stage,  though  undergoing  but 
little  development  until  shortly  before  metamorphosis. 

There  are  certain  differences  between  the  head  muscles  of  the 
toad  and  the  dog :  there  are,  for  instance,  muscles  which  exist 
in  the  tadpole  only,  but  not  in  the  toad  or  dog,  viz.,  the  muscle 
connecting  the  cerato-hyal  to  Meckel's  cartilage,  and  that  con- 
necting the  2nd  branchial  cartilage  to  the  cerato-hyal.  The 
petro-hyoid  muscles  of  the  toad  are  absent  in  the  dog.  In  the 
toad  there  is  one  pterygoid  muscle,  in  the  dog  two,  and  the 
anterior  digastric  is  differently  placed.    In  the  dog  there  is  the 
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stylohyoid  muscle,  not  present  in  the  toad,  lying  alongside  th6 
posterior  digastric,  and,  like  it,  innervated  by  the  facial  nerve. 
The  ordinarily  accepted  view  that  this  muscle  is  delaminated 
from  the  posterior  digastric  is  supported  by  the  facte  that  the 
size  of  its  nerve  fibres  is  the  same  as  that  of  those  going  to  the 
latter  muscle,  and  that  it  has  no  posterior  root  ganglion  fibres. 
Again,  the  hyoid  constituent  of  the  mylo-hyoid  muscle  ia  wanting 
in  the  dog. 

The  tongue  is  more  complex  in  the  dog  than  the  toad :  the 
tongue  of  the  latter  is  the  representative  only  of  the  tuberculum 
impar  ^  of  the  dog,  and  similarly  grows  upwards  in  the  floor  of 
the  mouth,  between  the  ventral  ends  of  the  maxillary  and  hyoid 
arches,  whilst  the  part  derived  in  the  dog  from  the  hyoid  and 
1st  branchial  arches  (f  urcula)  is  not  developed.  Such  a  view  is 
supported  by  consideration  of  the  origin  of  the  sensory  nerves  of 
the  tongue  in  the  two  animals ;  and  by  the  fact  that  in  the  toad 
the  duct  of  the  thyroid  gland,  though  disappearing  before  the 
development  of  the  tongue  begins,  yet  opens  into  the  mouth  just 
in  front  of  the  basi-hyal,  and  so  behind  the  tongue.  The 
extrinsic  muscles  pf  the  tongue  are  also  more  complicated  in  the 
dog  than  the  toad :  in  the  latter  they  consist  of  the  hyo-glossns 
and  genio-gloBsus  only,  whilst  in  the  dog  there  is  additionally  the 
stylo-glossus.  It  may  be  inferred  that  the  intrinsic  muscles  of 
the  tongue  in  the  ^og  are  developed  from  the  4th,  5th,  and  6th, 
and  the  extrinsic  muscles  from  the  4th  and  5th  s^ments. 

The  stylo-pharyngeus,  crico-thyroid,  palato-phatyngeus,  con- 
strictors of  the  pharynx,  levator  veli  palatini,  a^ygos  uvute, 
present  in  the  dog,  are  absent  in  the  toad,  and  their  morpho- 
logical position  can  only  be  inferred  from  their  nerve  supply; 
and  similarly  in  the  case  of  the  tensor  tympani  and  tensor  veli 
palatini. 

The  trapezius  and  steruo-mastoid  muscles  in  the  toad. are 
developed  from  the  first  trunk  myotome  only,  whereas  in  the 
dog  the  extended  origin  of  the  spinal  portion  of  the  XI th  nerve 
suggests  that  possibly  in  that  animal  they  are  developed  from 
some  of  the  succeeding  trunk  myotomes  as  well. 

The  ventral  longitudinal  muscles  of  the  neck  are  a  little 
different  in  the  two  animals.    In  the  toad  they  consist  of  th^ 

.  *  Fi<U  Qaain,  vol.  i.  pt  L  ^    ^ 
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gemo-hyoid,  steriio-hyoid,  and  omo-hyoid,  whilst  in  the  dog  the 
omo-hyoid  is  absent,  and  there  is  a  deeper  muscle  layer,  consisting 
of  the  thyro-hyoid  and  sterno-thyroid.  A  more  important  ques- 
tion is  the  origin  of  these  muscles  in  the  dog.  In  the  toad  they 
are  developed  from  head  myotomes  only,  whereas  in  the  dog  it 
is  possible  that,  like  the  Elasmobranch,  the  posterior  portions  of 
these  muscles  are  derived  from  trunk  myotomes.  As  suggested 
above,  the  difference  is  possibly  connected  with  the  relative 
position  of  the  shoulder  girdle.  .       r-     < 

Of  the  somatic  muscles  of  the  head  of  the  dog,  only  the 
ventral  longitudinal  ones  have  posterior  root  ganglion  fibres.^ 
The  causes  of  these  differences  are  obscure,  and  but  little  light 
is  shed  on  the  problem  by  the  fact  of  the  development  of  the 
latter  muscles  from  the  ventral  ends  of  the  myotomes  from 
which  they  are  derived,  and  by  th^  consideration  that  they  are 
the  representatives  in  the  head  of  the  ventral  longitudinal 
muscles  of  the  trunk.  And  the  difficulty  ia  accentuated  by  the 
fact  that  no  posterior  root  ganglion  fibres. accompany  the  spinal 
part  of  the  Xlth  nerve.* 

Notwithstanding,  thei),  the  differences  between  the  head 
muscles  of  the  toad  and  the  dog^  it  would  seem  a  legitimate 
deduction  from  the  above  that  in  the  latter  animal  the  temporal, 
pterygoids,  masseter,  anterior  digastric,  posterior  digastric,  and 
stflo-hyoid,  sterno-mastoid,  and  trapezius  muscles  are  somatic, 
whilst  the  tongue  muscles  (iotrinsic  and  extrinsic)  are  splanchnic 
in  origin,  as  indeed  the^'ma^imum  size  of  their  motor  fibres 
suggested. 

The  following  classification' of  the  m.uscles  of  the  head  of  the 
dog  can  be  made  from  the  above : — 


V.  CLASsindATiON  OF  Orakial  Motgb  Nuclei. 

I  m 

One  or  two  conclusions  result  from  the  foregoing  as  to  the 
cranial  nuclei  which  innervate  cross-striped  muscles. 

'  With  the  doubtful  exception  of  the  anterior  digastric  ;  see  above. 

^  The  sterno-mastoid  and  trapezius  muscles,  however,  possibly  have  poste- 
rior Toot  ganglion  fibres  enteribg  them  with  the  additional  motor  supply  from 
the  Ist,  2nd,  and  8rd  cervical  nerves,  discovered  by  Risien  Russell,  Brain ^ 
1897. 
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It  was  held  by  Gaskell  ^  that  the  motor  nuclei  in  the  mid  and 
hind  brain  can  be  arranged  as  follows: — a,  an  anterior  cell 
column,  a  continuation  of  the  spinal  anterior  cornu,  formed  by 
the  XII,  VI,  IV,  and  III  nuclei ;  and  j3,  a  lateral  cell  column, 
ja  continuation  of  the  lateral  horn  of  the  spinal  cord,  formed  by 
the  XI  spinal,  nucleus  ambiguus  of  the  XI,  medullary  X  and 
IX,  the  VII  and  the  V. 

If,  however,  they  be  arranged  according  to  the  above  pro- 
posed revision  of  the  morphological  position  of  some  of  these 
muscles,  we  should  have  the  following  classification  of  the 
nuclei  according,  in  Hughlings  Jackson's  phrase,  to  the  muscles 
they  'represent': — «,  a  cell  column  innervating  muscles  devel- 
oped in  the  somatic  portions  of  the  head  segments ;  and  R,  a  cell 
colamn  innervating  those  muscles  developed  in  the  splanchnic 
portions  of  the  head  segments,  i.e.,  corresponding  to  the  table 
given  above. 

The  cell-column  a  will  be  homologous  with  the  anterior 
cornual  cells.  Correspondingly,  it  is  found  that  the  maximum 
size  of  the  large  fibres  in  th6  spinal  anterior  roots  in  the  non- 
limb  r^ons  of  the  spinal  cord  is  the  same  as  that  of  the  nerve 
fibres  passing  to  the  somatic  muscles  in  the  cranial  region.  (In 
the  r^ion  of  the  limbs,  however,  the  maximum  diameter  of 
the  fibres  in  the  anterior  spinal  I'oots  is  greater — in  the  specimens 
examined  as  much  as  20*8  jx.)  Cell-column  fi  will  be  homo- 
logous with  the  lateral  cornual  cells  of  the  spinal  cord  innervat- 
ing splanchnic  muscles. 

Whereas  splanchnic  muscles  in  the  body  are  not  cross-striped, 
those  in  the  head  are  cross-striped.  And  insomuch  as  this 
development  of  cross-striped  muscles  in  the  splanchnic  meso- 
derm of  the  head  may  in  all  probability  be  connected  with  the 
development  of  the  branchial  bars  there,  the  term '  branchial' 
may  perhaps  be  applied  to  their  motor  nerve-fibres  and  nuclei 
of  origin,  in  place  of  '  nou-ganglionated  splanchnic '  employed 
by  GaskelL 

The  motor  fibres  of  the  cranial  nerves,  with  exception  of  the 
hypoglossal,  innervate  cross-striped  muscles  developed  in  the 
corresponding  segments  only.  The  hypoglossal,  on  the  other 
hand,  is  the  nerve  of  no  individual  segment,  but  innervates 

^  Loe,  cU, 
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splanchnia  muscles  developed  in  the  4th,  Sth,  and  6th,  and 
somatic  muscles,  derived.from  the  7th,  8th,  and  9th,  segments. 

The  motor  fibres  of  the  IX,  X,  and  medullary  XI  innervate 
.two  sets  of  spdanchnic  inuscles,  cross-striped  and  unstriped; 
and  it  is  s^ed  by  GaskelP  that  the  n.  ambiguus  is  the  motor 
nucleus  of  the 'former,  tiie  dorsal' nucleus  that  bf.  the  latter.' 
There  is,  then,  in  regard  to  these  nerves  an  overlapping  of 
«planchnic  nudleL  of  ciross-striped  and  involuntary  muscles,  but 
it  is  to  be  remarked  thut.  the  latter  muscles,  other  than  the 
cardiac,  are  develo^d  from  body,  not  head,  segments. 

The  sterno-ipastoid  and  trapezius  are  cervical,  not  head 
muscles ;  they  are  developed  from  the  1st  trunk  myotome  in  the 
toad,  possibly  from  more  than  one  in  the  dcg ;  and  correspondingly 
their  nerve,  the  external  portion  of  the  XI,  arises  from  the  spinal 
cord      -     . 

The  above  results  suggest  that  it  should  be  possible  to  split 
up:the;Vthj  VIIth,aud  Xllth  nuclei^  eacjii  into  two  portions, 
supplying  somatic  and  brauchml  muscles  respectively.  Though 
this  can  pnly  be  determined  by  the  application  of  v.  Gudden'e 
or  Nissl's  methods,iyet  there  are  already  indications  that  it  maj 
be  possible. 

KoUiker*  holds  \that  the  descending  root  of  the  V  is  motor, 
and  goes  on  to  remark,  **  welche  Muskelu  dieser  Wurzel  unter- 
steht;  ist;  freilich  niqht  von  Ferne  zu  errathen,  doch  darf  man 
yie.lleicht  an  den  Tensor  veli  palatini  und  den  Tensor  tympani 
deuken,  schwerlich  an  den  Mylo-hyoideus  und  Biventer  anterior.'* 
And  Tooth  and  Turner*  state  that  in  a  case  of  atrophy  of  the 
masticatory  muscles,  the  motor  nucleus  of  the  Y  was  found  to 
be  atrophied 

This  suggests  that  the  descending  root  of  the  V  supplies  the 
branchial  muscles,  mylo-hyoid,  tensor  veli  palatini,  and  tensor 
tympani ;  whilst  the  aomatic  muscles — temporal,  masseter, 
pterygoids,  and  $axterior  digastric — are  innervated  by  the  main 
nucleus  of  the  V. 

^  Loe,  cit, 

^  This  theory,  that  the  donal  nudeus  is  motor  to  unstriped  muscles,  has  been 
confirmed  by  Marinesco  [CompUa  rendus  de  la  SoeUU  de  Biologie,  1897),  by 
Bruce  (^rai/i,  1898),  and  by  Van  Gehuchten  {Jour,  de  Keurotogie^  1898). 

^  Handkueh  der  Gewebclehr$  des  Mensehen.  , 

*  Brain,  1891.  They  do  not,  however,  say  whether  the  anterior  digastric 
muscle  was  atrophied  or  not. 
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From  the  recent  researches  of  Van  Gehuchten  ^  on  the  nucleus 
of  the  VII,  it  may  be  inferred  that  the  somatic  muscles  (posterior 
digastric  and  stylo-hyoid)  are  innervated  by  a  portion  of  the 
external-inferior  division,  and  the  other,  branchial,  muscles  by 
the  remainder  of  the  facial  nucleua 

As  to  the  XII  nucleus,  it  is  possible  that  whereas  the  tongue 
muscles  are  innervated  hj  the  hypoglossal  nucleus  proper,  the 
somatic  muscles  (genio-hypid  in  the  monkey ;  this  together  with 
the  thyro-hyoid  and  anterior  portions  of  the  stemo-hyoid  and 
Bterno-thyroid  in  the  dog)  are  innervated  from  the  front  end  of 
the  anterior  comu  of  the  spinal  cord,  which  sends  fibres  into 
the  hypoglossal.* 

vi.  Collateral  Evidence  from  Disease. 

There  are  a  few  obscure  cases  of  disease  of  the  motor  nuclei 
in  the  mid  and  hind  brain,  which  are  of  interest  in  connection 
with  this  classification  of  them. 

Thus,  somatic  nuclei  occasionally  atrophy  in  common  ;  e.g.,  iu 
the  patient  of  Terrier,  whose  case  was  published  by  Hughliugs 
Jackson,'  external  ophthalmo-plegia  and  atrophy  of.  the  masti- 
catory muscles  occurred. 

On  the  other  hand,  Hughlings  Jackson  ^  states  that  paralysis 
of  the  orbicularis  palpebrarum  is  rare  in  cases  of  ophthalmo- 
plegia externa;  now,  whereas  the. external  ocular  miiscles  are 
somatic,  the  orbicularis  palpebrarum  is  branchial  in  origin.  In 
bulbar  paralysis  the  atrophy  affects  primarily  branchial  nuclei, 
and  only  rarely  spreads  to  the  somatic  nuclei  bf  the  V,  VI,  IV, 
and  III  nerves. 

In  some  cases  of  congenital  ptosis  contraction  of  the  levator 
palpebrae  superioris — a  somatic  muscle — takes  place  on  certain 
movements.  It  is  of  interest  to  note  that  these  movements  are 
all  executed  *  at  least  in  part  by  somatic  muscles,  for  they  are 

^  Jour,  de  Neurolog'e^  Mars  20,  1898. 

'  Cp^  faet  that  the  largest  fibres  in  the  hypo-glossal  roots  are  found  in  the  hind- 
most ones  only. 

'  Lane^^  1893.  *  Loc,  eit. 

*Hnghling8  Jackson,  Lancet,  1894;  Gunn,  Trans.  Oph,  Soe.,  vol.  iiL  ; 
Sinclair^  OpK  Bev.,  1898  ;  Siiell,.  Sheff,  Med.  Jour^,  1^98  :  Swauzy,  Diseases  of 
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those  of  mastication,  opening  the  mouth,  and  deglutition; 
whereas  no  cases  are  on  record  in  which  elevation  of  the  upper 
lid  has  taken  place  in  association  with  movements  of  branchial 
muscles  only,  e.g,^  of  the  face,  tongue,  or  larynx. 


vii.  Sknsobt  Fibres  of  the  Cranial  Nerves. 

The  sensory  branches  of  the  cranial  nerves  may  be  separated 
into  two  divisions  by  the  maximum  size  of  the  nerve  fibres  they 
contain.  MeduIIated  nerve  fibres  of  all  diameters  up  to  16  /u 
are  found  in  the  frontal,  long  ciliary,  ethmoidal,  and  infra>troch- 
lear  from  the  1st  division  of  the  V ;  the  lacrymal,  infra-orbital, 
subcutaneus  malse,  dental  branches  of  the  infra-orbital,  palatinus 
major,  and  uasalis  posterior,  from  the  2nd  division  of  the  V ;  the 
auriculo-temporal,  buccal,  terminal  (skin)  branches  of  mylo-hyoid, 
mental  and  dental  branches  of  inferior  dental,  from  the  3rd 
division  of  the  V;   and  the  n.  auricularis  of  the  X« 

MeduUated  fibres  of  all  diameters  up  to  11*2  /a  are  found  in 
the  palatinus  minor,  lingual,  orbital  gland  branches  of  the 
buccal,  parotid  gland  branches  of  the  auriculo-temporal,  chorda 
tympani,  lingual  branch  of  IX,  superior  laryngeal,  communicans 
laryngei,  cardiac  and  pulmonary  branches  of  X,  and  vagus  trunk 
beyond  the  pulmonary  branches. 

The  maximum  diameter  of  the  fibres  placed  in  the  second 
division  was  in  some  cases  as  low  as  9*6  /a,  in  others  as  high  as  12*8 
IJL,  The  maximum  diameter  of  the  fibres  placed  in  the  first  division 
varied  between  17'6  jx  and  14*4  jjl.  In  three  cases,  the  long  ciliary, 
the  mental  branch  of  the  inferior  dental,  and  the  skin  branches  of 
the  mylo-hyoid  (all  of  which  are  placed  in  the  Ist  division),  it 
was  very  occasionally  found  that  the  maximum  diameter  of  the 
fibres  might  be  as  low  as  12*8  fx\  but  insomuch  as  the  varia- 
tions in  the  maximum  diameter  of  these  nerve  fibres  are  from 
this  figure  upwards  only,  it  would  appear  that  the  two  divisions 
of  nerve  fibres  proposed  are  fairly  distinct. 

From  a  comparison  of  this  with  embryological  evidence,  it 
follows  that  ectodermal  structures  (skin,  nasal  epithelium,  and 
stomodeum)  have  passing  towards  them  fibres  of  various 
diameters  up  to  16  /a  as  a  maximum,  whilst  in  the  case  of 
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endodermal  structures  the  maximum  diameter  of  the  nerve 
fibres  does  not  exceed  11*2  /i.  But  to  this  there  is  an  apparent 
exception — ^the  salivary  glands  have  only  the  smaller  sized 
fibres  passing  to  them,  though  developed,  according  to  received 
opinion,  from  the  stomodeum.^  This  ordinarily  accepted  view,  as 
far  as  I  can  learn,  is  based  on  evidence  from  comparative 
auatomy,  and  not  from  embryological  investigation. 

It  seemed  possible  that  the  line  of  junction  of  epiblast  and 
hypoblast  on  the  floor  and  sides  of  the  mouth  might  be  found  to 
be  a  little  further  forward  than  is  thought,  so  that  these  glands 
might  be  hypoblastic  in  origin — as  is  suggested  by  the  size  of 
tbe  nerve  fibres.  The  point  was  investigated  in  the  rabbit,  but 
with  inconclusive  results.  The  line  of  junction  of  stomodeal 
epiblast  and  hypoblast  ceased  to  be  visible  by  the  12th  day, 
whilst  the  salivary  glands  did  not  begin  to  develop  until  the 
15th  day  of  embryonic  life. 

The  evidence  cited  above  with  regard  to  sensory  fibres  in  the 
nerves  of  the  cross-striped  splanchnic  muscles  of  the  head  goes 
to  show  that  their  maximum  diameter  is  the  same  as  that  of  the 
sensory  fibres  of  the  endoderm  in  the  head  region. 

Sensory  fibres  of  various  diameters,  up  to  a  similar  maximum, 

are  found  in  the  sympathetic,  and  pass  to  splanchnic  structures. 

It  seems,  then,  possible  to  group  all  these  fibres  together  as 

visceral  sensory  fibres,  supplying  both  endoderm  and  splanchnic 

mesoderm. 

The  sensory  fibres  of  the  ectodermal  structures  of  the  head 
have  a  distinctly  higher  maximum  of  size  than  the  visceral 
sensory  fibres.  (To  this  general  statement,  the  nerves  of  the 
salivary  glands  form  a  doubtful  exception.) 

As  regards  the  origin  of  the  afferent  fibres  of  the  cranial 
nerves,  it  is  to  be  noted  that  Gaskell  ^  divided  them  into 
'  Bomatic  afferent,'  i.e.  the  ascending  root  of  the  trigeminal,  and 
'splanchnic  afferent,'  i.e.  the  ascending  root  of  the  vagus. 

From  the  above  described  observations  it  would  appear  that 
there  are  three  additional  groups  of  sensory  fibres  to  be 
accounted  for — the  splanchnic  afferent  fibres  of  the  Vth  (muscle 
sensory  and  sensory  fibres  of  the  splanchnic  sensory  branches, 
8uch  as  the  lingual),  the  splanchnic  afferent  (muscle  sensory 

*  Vide  Quain*8  AwUomy,  vol.  i.  pt  i.  *^  Loc.  cU. 

VOL.  XXXIV.  (N.S.  VOL.  XIV.)  L 
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and  sensory  fibres  of  the  chorda  tympani)  fibres  of  the  Vllth,  and 
the  somatic  afferent  (n.  auricalaris)  of  the  Xth  nerves. 

Bruce  ^  has  described  the  sensory  root  of  the  Vth  as  consist- 
ing of  two  portions  on  either  side  of  the  gelatinous  substance 
of  Bolando ;  and  it  is  possible  that  the  inner  and  smaller  portion 
consists  of  the  splanchnic  afferent,  and  the  outer  and  larger 
division  of  the  somatic  afferent  fibres.  The  splanchnic  afferent 
fibres  of  the  VII,  with  the  geniculate  as  their  posterior  root 
ganglion,^  end  as  the  ascending  root  of  the  facial ;  ^  whilst  the 
central  connections  of  the  n.  auricularis  are  very  possibly  to  be 
found  in  those  few  fibres  of  the  *  vagus'  which,  according  to 
Kamon  y  Cajal,^  on  entering  the  medulla,  turn  aside  to  join  the 
descending  root,  and  apparently,  from  the  picture,  the  outer 
descending  root,  of  the  V.  If  this  be  so,  the  central  termina- 
tions of  the  somatic  (ectodermal)  and  splanchnic  afferent  fibres 
of  the  cranial  nerves  are  quite  separate  and  distinct-— all  the 
ectodermal  sensory  fibres  finding  their  way  into  the  outer 
descending  root  of  the  V ;  whilst  the  splanchnic  sensory  fibres 
end  in  the  inner  descending  root  of  the  V,  and  the  descending 
roots  of  the  VII,  IX,  and  X. 


viii.  General  Conclusioi^s. 

The  observations  above  described  may  be  summed  up  as  fol- 
lows : — 

1.  Somatic  muscles  are  developed  from  each  segment  of  the 
head.  Their  motor  nerve-fibres  have  a  maximum  diameter 
which  is  the  same  as  that  of  those  innervating  somatic  muscles 
of  non-limb  regions  of  the  body. 

2.  Whereas  the  splanchnic  mesoderm  of  the  body  develops 
unstriped  muscles  only,  that  of  the  head  develops  cross-striped 

1  a  ^erve  tracts  of  the  mid  and  hind  brain.'* 

'^  Which,  according  to  His  (as  stated  by  Schafer,  Qtiain,  vol.  i.  pt.  i.),  is 
derived  from  the  sime  ganglionic  mass  as  that  which  furnishes  the  ganglia  of 
the  auditory  nerve,  and  from  which  fibres  grow  centrally  into  the  brain  and 
peripherally  along  the  nerve. 

'  Vide  Kolliker,  loc.  cit. 

*  *' Beitriige  zumStudium  des  Medulla  oblongata.''  It  was  not  determined 
whether  these  fibres  come  from  the  glosso-pharyngeal  or  the  vagna  proper. 
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muscles.^  This  is  probably  primarily  dependent  on  the  pre- 
sence of  gill-arches  in  the  head.  The  motor  nerve-fibres  of 
these  branchial  cross-striped  muscles  have  a  maximum  diameter 
which  is  greater  than  that  of  those  supplying  the  splanchnic 
UDStriped  muscles  of  the  body,  and  less  than  that  of  those  which 
pass  to  somatic  muscles. 

3.  The  somatic  muscles  of  the  head  differ  from  those  of  the 
body  in  not  possessing  root  ganglion  muscle-seusory  nerve- 
fibre&  To  this  statement  the  anterior  digastric  is  a  doubtful, 
and  the  ventral  longitudinal  muscles  a  positive  exception. 

4.  The  splanchnic  muscles  of  the  head  probably  have  muscle 
sensory  fibres,  the  maximum  diameter  of  which  betrays  their 
splanchnic  destination ;  these  form  a  particular  group  of  the 
splanchnic  sensory  fibres. 

5.  The  sensory  fibres  of  the  ectodermic  structures  of  the  head 
have  a  maximum  diameter  which  is  greater  than  that  of  the 
splanchnic  sensory  fibres.  To  this  the  nerves  to  the  salivary 
glands  form  a  doubtful  exception. 

6.  The  maximum  diameter  of  the  nerve-fibres,  both  motor 
and  sensory,  passing  to  any  structure,  is  dependent  on  the  mor- 
phological position  of  that  structure,  and  not  on  the  nature  of 
the  impulses  carried  by  them. 

I  have,  finally,  to  express  my  hearty  thanks,  to  Dr  Gaskell 
for  much  help  and  criticism,  and  to  Prof.  Weldon  for  advice  in 
connection  with  the  embryological  work.  It  is,  of  course, 
scarcely  necessary  to  say  that  my  former  teachers  are  not 
responsible  for  any  errors,  in  fact  or  theory,  on  my  part.  I  have 
also  to  thank  Prof.  Schafer  for  permission  to  do  an  experiment 
in  his  laboratory,  and  Dr  Aldren  Turner  for  performing  a  most 
difficult  operation  for  me. 

The  expenses  of  the  investigation  have  been  defrayed  by  a 
Grovemment  grant  from  the  Eoyal  Society. 

^  And  also,  in  the  branchial  region,  the  heart  muscle. 
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DESCRIPTION  OF  PLATES  X.-XXII. 

The  outlines  of  the  structures  were  drawu  with  a  camera  lucida ; 
figs.  4  and  6  under  a  magnification  of  Zeiss  oc.  3,  obj.  D  ;  the  others 
under  one  of  oc.  3,  obj.  A. 

Fio. 

1.  Longitudinal  horizontal  section,  2^  mm.  long. 

2.  Dittoi  3  mm.  long. 

3.  Transverse  section,  2^  mm.  long,  at  level  of  4th   segment. 

Right  side  more  anterior. 

4.  The  right  side  of  section  3,  under  higher  power.     The  outline 

of  each  individual  cell  drawn  under  the  camera  lucida. 

5.  Transverse  section,  3  mm.  long,  at  level  of  4th  segment. 

6.  Right  side  of  section  5,  under  higher  power.     The  outline  of 

each  individual  cell  drawn. 

7.  Transverse  section,  4  mm.  long,  at  level  of  4th  segment.    The 

right  side  of  the  section  is  a  little  anterior  to  the  left. 

8.  Transverse  section,   4|  mm.  long,  at  level  of  4th  segment 

The  right  side  of  the  section  is  a  little  posterior  to  the 
left. 

9.  Transverse  section,  2^  mm.  long,  at  level  of  5th  segment. 

10.  Ditto,  3  mm.  long,  (^tto. 

11.  Ditto,  4  mm.  long,  ditto.     The  right  side  of  the  section  is  a 

little  anterior  to  the  left. 

12.  Ditto,  5  mm.  long,  ditto.     The  left  side  is  a  little  anterior  to 

the  right. 

13.  Transverse  section,  2^  mm.  long,  at  level  of  6th  segment. 

14.  Ditto,  2 J  mm.  long,  ditto. 

15.  Ditto,  3  mm.  long,  ditto. 

16.  Ditto,  4  mm.  long,  ditto.     The  right  side  is  a  little  anterior 

to  the  left. 

17.  Transverse  section,  2^  mm.  long,  at  level  of  7th  segment. 

18.  Ditto,  3  mm.  long,  ditto. 

19.  Ditto,  4  mm.  long,  ditto. 

20-25.  Serial  vertical  longitudinal  sections  through  a  tadpole  4^  mm. 
long,  20  being  the  most  external. 

26-32.  Transverse  vertical  sections  through    tadpole   9  mm.  long. 
The  right  side  is  the  more  anterior;  19  is  the  front  end. 

33-41.  Longitudinal  serial  sections  through  tadpole  9  mm.  long  ;  33 
is  the  most  external. 

42-46.  Transverse  serial  sections  through  tadpole  in  which  hind  legs 
are  large  ;  42  is  the  most  anterior. 
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Fig.. 

47.  Transverse  section  from  tadpole  4  mm.  long,  in  5th  and  6th 

segment.     The  left  and  ventral  sides  are  more   anterior ; 

this  section  is  of  a  tadpole  of  same  length  as  fig.  1 6,  but  is 

drawn  so  as  to  render  the  appearances  seen  in  figs.  48-50 

more  intelligible. 

48-50.  Transverse  serial  sections  through  tadpole  4^  mm.  long,  in 
5th  and  6th  segments.  The  left  and  ventral  sides  are  more 
anterior  than  the  right  and  upper  parts. 

51-53.  Longitudinal  vertical  serial  sections  through  tadpole  7^  mm. 
long  j  51  is  the  most  external. 

54.  Longitudinal  vertical  section  through  tadpole  5   mm.  long. 

The  anterior  end  of  the  genio-hyoid  here  shown  is  its 
farthest  forward  limit ;  it  does  not  extend  further  forwards 
in  adjacent  sections. 

55.  Transverse  section  through  tadpole  4^  mm.  long,  at  level  of 

7th  segment.     The  left  side  is  anterior  to  the  right. 

56.  Transverse  section,  6  mm.  long,  through  7th  segment;  the 

upper  part  of  the  figure  is  more  anterior  than  the  lower. 

57.  Ditto,  9  mm.  long,  through  8th  segment. 

58.  Longitudinal  section,  14  mm.  long. 

59.  Transverse  section,  14  mm.  long.     The  left  side  is  anterior  to 

the  right. 

60.  Longitudinal  section  through  tadpole  in  which  hind  legs  have 

just  appeared. 

61.  Transverse  section,  ditto.     The  left  side  is  anterior  to  the 

right. 

62.  Longitudinal  section  through  tadpole  in  which  hind  legs  are 

of  moderate  size. 

63, 64.  Longitudinal  serial  sections  of  tadpole  in  which  hind  legs  are 
large ;  63  is  the  more  internal. 

65-67.  Transverse  serial  sections  from  tadpole  14  mm.  long,  through 
1st  trunk  myotome. 

68.  Transverse  section  of  tadpole  in  which  hind  legs  are  small, 
through  1st  trunk  myotome. 

69, 70.  Transverse  serial  sections  of  tadpole  in  which  hind  legs  are 
of  medium  size,  through  1st  trunk  myotome;  69  is  the 
more  anterior. 

71.  Transverse  section   through  tadpole  in  which  hind  legs  are 

large,  through  1st  trunk  myotome.  The  left  side  of  the 
section  is  anterior  to  the  right. 

72.  Transverse  section  through  tadpole  5^  mm.  long.     The  upper 

and  left-hand  sides  of  the  section  are  more  posterior  than 
the  lower  and  right-hand  sides. 
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A.  auditory  vesicle. 
ad,  anterior  digastric. 

B,  .brain. 

b,€,  branchial  chamber. 

b.b.  basi-branchial. 

br.  branchial  arch. 
br.l.  1st  branchial  arch,  etc.  - 
b.b.p.  basi-hyo-branchial  plate. 

fc./i-  basi-hy^L 

b,8.  branchial  cleft. 
1  b,8.  1st  branchial  cleft,  -etc. 

c«A«  cerato-hyal. 


E. 

Qfym 


eye. 
ectoderm. 


/.I.  fore  limb. 

g.g*  genio-glossus. 
g.h.  genio-hyoid. 
gJi.i.  internal    slip    of    genio- 
hyoid- 
g.h,e.  external    slip    of    genio- 
hyoid. 


heart. 

l^yo-glossus. 
hyo-mandibular  cleft. 


h. 
Jug. 
h.8. 
Ivy,  hypoblast. 


^  V 


/.  infundibulum. 
id.  inferior  labial  cartilage. 

lev,,  ang,   9cap.   levator    anguli 

scapula. 
lar.  larynx. 
■  lary^m,  laryngeal  muscles. 
L  liver. 


ma.  masseter. 
9n.  4.  myotome  of   4th  cranial 
segment,  etc. 


"tne.  MeckeFs  cartilage., 
mea.  metiodeim. 

m.h,h.  hyoidean  mylo-hyoid. 

mJi.m.  meckeliaa  mylo-hyoid. 

m.m.h,  muscle  connecting  Mock- 
ers cartilage  to  cerato- 
hyal. 

mJbJu  muscle  connecting  2iid 
branchial  to  cerato- 
hyal. 

N.  nose.  ' 
n.  notochord. 

(£»  oesophagus. 
0,8.  orbitar  process  of  suspen- 
soriimi. 
om,hy.  omo-hyoid. 

}!,  pedicle  of  suspensorium. 
p.d.  posterior  digastric. 
per,  pericardium. 
ph.  pharynx. 
p.p.g*  palato-pterygoid  bar. 
pt.  pterygoid. 
pr.  pronephros. 
ppe.  pleuro-peritoneal  cavity. 
precor.  pre-coracoid. 
pet.hy.  petro-hyoid. 

S.  suspensorium. 
8b.m,  sub-ment£dis. 

s.l.  superior  labial  cartilage. 
seap.  scapula. 
stemo.m.  stemo-mastoid. 
si.hy.  stemo-hyoid. 

ig.  tongue. 

th.  thyroid. 

tr.  trabecula. 
tern,  temporal. 
1  t.m.  1st  trunk  myotome. 
trap,  trapezius. 


NOTE  ON  THE  STAINING  OF  SECTIONS  WHILE  EM- 
BEDDED  IN  PARAFFIN.  By  Sydney  Smith,  Demonstrator 
of  Phydology  at  St  Mungo^a  College^  Glasgow, 

Soxs  little  time  ago,  in  the  preparation  of  specimens  for  the  practical 
ckss  in  Physiology  at  St  Mungo's  College,  I  noticed  that  a  ribbon  of 
sections  of  a  foetus  which  had  been  floated  out  on  hot  water  and  left 
over  was  faintly  stained  in  parts  owing  to  the  presence  of  an  acci- 
dental drop  or  two  of  methyl-violet  in  the  water. 

I  found  that  the  parts  stained  were  cartilage,  the  obvious  sugges- 
tion being  that  the  paraffin  had  not  penetrated  the  cartilage.  I 
tlioaght  the  idea  of  staining  in  the  paraffin  worth  following  up,  and 
since  then  have  obtained  very  gratifying  results  with  all  tissues  and 
all  stains  so  far  experimented  with. 

The  following  method  gave  the  best  results  : — 

\d.  The  tissues  were  embedded  and  cut  with  a  rocking  microtome 
in  the  ordinary  manner. 

hd.  The  sections  were  placed  in  ribbons  on  the  desired  stain  in  a 
fiat  vessel,  care  being  taken  to  leave  room  for  the  specimens  to 
straighten  out. 

3rrf.  The  vessel  was  covered  to  limit  evaporation  and  keep  dust 
out,  and  left  in  a  warm  place  until  the  sections  were  perfectly  flat, 
when  it  was  transferred  to  an  ordinary  temperature.  The  stain  was 
allowed  to  act  for,  on  an  average,  from  twelve  to  twenty-four  hours, 
according  to  the  penetrating  power  of  the  stain  used. 

4/^.  The  staining  fluid  was  poured  off"  slowly,  so  that  the  sections 
were  left  lying  at  the  bottom  of  the  vessel,  just  as  a  ribbon  is  left 
on  a  slide  in  moimting  by  the  hot- water  method. 

5//t.  Water  was  slowly  added,  the  ribbons  floated  up,  and  the 
loose  stain  thoroughly  washed  from  the  under  surfaces  of  the  sections. 
If  the  sections  were  over-stained,  the  excess  was  removed  by  the 
ordinary  methods. 

6/A.  The  sections  were  then  mounted  on  slides,  allowed  to  dry, 
passed  through  turpentine  or  xylol  to  remove  the  paraffin,  and 
mounted  in  Canada  balsam. 

If  it  is  not  convenient  to  wait  for  the  sections  to  dry,  the  water 
may,  of  course,  be  removed  by  alcohol,  and  then,  as  before,  through 
turpentine  to  Canada  balsam.  Up  to  the  present  time  good  results 
have  not  been  obtained  with  much  less  than  twelve  hours,  with  most 
of  the  stains.  ^  Direct,  indirect,  and  double  stains  appear  to  work 
equally  well.  An  advantage  of  this  method  seems  to  lie  in  the  fact 
that  it  is  possible  to  give  thin  specimens  to  the  students  to  stain, 
without  any  great  risk  of  breaking  them  in  the  process,  as  the 
paraffin  holds  the  parts  together,  though  the  time  required  for  the 
atain  to  act  is  certainly  a  drawback.     This  difficulty  may  be  over- 


152  STAINING  OF   SKCTIONS   EMBEDDED  IN  PARAFFIN. 

come  by  giving  out  the  specimens  at  the  meeting  of  the  cbuBs 
previous  to  the  one  on  which  they  are  required,  and  allowing  them 
to  lie  on  the  stain  during  the  interval. 

There  is  something  also  to  be  said  for  thu  simplicity  and  general 
efficiency  of  the  method,  and  the  absence  of  alcohol  is  a  very  im- 
portant item  where  many  students  are  concerned.  Presumably,  the 
reason  perfectly  embedded  tissues  will  stain  in  the  paraffin  is,  that 
individual  cells  are  cut  through  and  left  on  each  side  of  the  section 
with,  as  it  were,  a  raw  surface,  the  cells  being  held  in  position  by 
lines  or  fences  of  paraffin.  I  have  reason  to  believe  that  the  prin- 
ciple of  the  method  has  been  followed  by  other  workers,  but  there 
are  details  of  considerable  importance  in  its  practical  application,  9s 
described  in  this  note. 
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THE  STOMACH  AND  PYLORUS.^  By  Richard  J.  A.  Berry, 
M.D.,  F.RS.  TMin.j  Lecturer  on  Anatomy,  School  of  Medicine 
of  the  Rayed  Cblleg^,  Edinburgh ;  and  John  Crawford,  M.B., 
cm:  Edin.    (Plates  XXIIL-XXVI.) 

(Pro:n  the  Laboratory  of  the  Ruyal  College  of  Physicians,  Edinbnrgfa.) 

•t 

Tab  present  pefper  is  the  result  of  an  investigation  which  was 
primarily  undertaken  with  a  view  to  determining  the  actual 
movements  of  the  €ft-omach  during  the  process  of  distension. 
As  the  work  proceeded  it  soon  became  manifest  that  the  results 
were  gradually  diverging  along  three  different  paths:  first,  the 
felative  proportions  of  the  stomach,  and  the  shape  and  dimen* 
sions  of  the  pylorus;  seeoud,'  the  movements  of  the  stomach 
during  a  process  of  experimental  distension ;  and  third,  the' 
topographical  anatpmy  of  the  stomach.  The  present  paper 
deals  with  the  first  only  of  these  three  fields  of  research. 

As  our  object  was  not  the  estimation  of  the  actual  size  and 
dimensions  of  the  stomach  in  situ,  but  rather  the  elucidation 
of  the  relative  proportions  of  the  various  parts  of  the  viscus 
one  to  another,  it  was  considered  advisable  in  every  instance  to' 
remove  the  stomach  from  the  body.      After  removal  it  became 
imperative  to  place  each  stomach  in  precisely  the  same  condi- 
tion.   This  end  was  achieved  by  completely  distending  each  one 
with  air,  and  allowing  the  viscus  to  dry  in  this  condition.     It  is, 
of  course,  obvious  that  removal  of  the  stomach  from  the  body 
cannot  serve  as  any  criterion  of  the  actual  size  of  that  organ, 
but  it  is  equally' obvious  that  under  the  same  conditions  the 
relative  proportions  of  one  part  of  the  stomach  to  another  will 
always  renoi&in  the  same,  hence  the  course  adopted.    The  ob* 

^  Bead  at  the  April  meeting  of  the  Anatomical  Society. 
VOL.  XXXIV.  (N.S.  VOL.  XIV.)  M 
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servations  which  result  are  based  on  an  examination  of  fifty 
stomachs,  and  in  every  instance  the  measurements  were  most 
carefully  estimated  by  an  instrument  specially  designed  for  the 
purpose. 

« 

I.  Ths  Belative  Length  of  the  Greater  and  Lesser 

Curvatures. . 

In  the  last  edition  of  Quain  it  is  stated  that  "  the  great 
curvature  is  four  or  five  times  as  long  as.  the  smalL"  This 
statement  is  not  borne  out  by  our  experience.  In  our  series  of 
cases  the  relative  proportion  of  the  length  of  the  greater  curva- 
ture to  that  of  the  lesser  curvature  was  as  1000  is  to  310,  that 
is,  speaking  generally,  as  3  is  to  1.  We  should,  then,  rather 
prefer  to  state  that  the  greater  curvature  is  three  times  as 
long  as  the  lesser.  In  only  one  case  was  the  proportion  4  .tol, 
and  that  occurred  in  a  female  aged  62,  where  the  actual 
measurements  were  (stomach  fully  extended),  lesser  curvature 
13*3  cm.,  greater  curvature  58*0  cm.  There  seems  to  be  no 
doubt  that  the  disparity  between  the  two  curvatures  is  more 
marked  in  the  female  than  in  the  male ;  for  whilst  the  propor- 
tion given  above  of  .1000  to  310  ipay  be  taken  as  the  average, 
we  found  that  in  the  female  the  proportion  was  as  1000  is  to 
299,  and  in  the  male  as  1000  is  to  315. 

II.  The  Length  and  Breadth  of  the  Stomach, 

Speaking  of  the  dimensions  of  the  stomach,  it  has  been  stated 
that ''  when  moderately  filled,  its  length,  measured  from  the  top 
of  the  fundus  to  the  lowest  part  of  the  great  curvature,  is  about 
1-0  or  12  inches,  and  its  diameter  at  the  widest  part  from  4  to  5 
inches."  Subject  to  reservations,  our  observations  confirm  this 
statement.  We  should  rather  say  that  under  the  fullest  dis- 
tension, not  "when  moderately  filled,"  the  length  is  27*8  cm. 
and  the  breadth  131  cm.;  that  is,  about  11  inches  by  5.  We 
are  strongly  of  opinion  that  such  dimensions  are  purely  post* 
mortem,  and  that  during  life  the  stomach  never  attains  any- 
tliiug  like  such  dimensions,  except  as  a  result  of  pathological 
conditions. 
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III.  The  Rdative  Proportions  of  the  Antero-Posterior  and 
Transverse  Diameters  of  the  Stomcuih, 

On  examining  the  proportions  of  these  two  diameters,  we  were 
at  once  struck  by  the  fact  that  the  distended  stomach  is  always 
broader  from  side  to  side  than  from  before  backwards.  To  this 
there  was  not  a  single  exception  in  the  entire  series,  not  even 
in  those  younger  persons  in  whom  the  liver  is  relatively  larger. 
The  actual  ratio  of  the  transverse  diameter  to  the  antero* 
posterior  we  found  to  be  as  1000  is  to  930.  In  the  female  the 
two  diameters  are,  however,  more  nearly  equal,  the  exact  ratio 
being  as  1000  is  to  952,  whilst  in  the  male  it  was  as 
1000  is  to  922.  .  The  greatest  diflerence  between  the  two 
diameters  occurred  in  a  male  aged  22,  where  the  actual 
measuremeuts  were,  traiisverse  14*2  cm.,  antero-posterior  12*0 
cm.,  giving  a  ratio  of  1000  to  845.  The  least  difference  also 
occurred  in  a  male  aged  33,  where  the  diameters  were  so  nearly 
equal  as  to  give  a  proportion  of  1000  to  985. 

IV;  The  BekUive  Proportions  of  the  Vertical  Length  of  the 
Stomach  to  the  Transverse  Diameter, 

Our  observations  have  shown  us  that  the  length  of  the 
stomach  bears  certain  very  definite  relations  to  its  transverse 
diameter,  the  exact  ratio  being  as  1000  is  to  463.  In  the 
female  the  disparity  is  even  greater,  with  a  proportion  of  1000 
to  430,  whilst  in  the  male  the  difference  is  not  so  marked, 
being  only  as  1000  is  to  480.  In  other  words  it  may  be 
stated  that  on  an  average  the  length  of  the  stomach  is  about 
two  and  a  quarter  times  greater  than  its  transverse  diameter; 
in  the  female  rather  more  so,  in  the  male  rather  less  so. 

V.  The  Influence  of  Age  and  Sex  on  the  Dimensions  of  the 

Stomach, 

If  the  foregoing  ratios  have  been  carefully  observed,  it  will 
be  obvious  that  sex  has  a  slight  but  important  influence  on 
the  shape  and  dimensions  of  the  stomach.  It  has  been  noted 
that  in  the  female  the  disparity  between  the  greater  and  lesser 
curvatures  is  more  marked  than  in  the  male ;  the  disparity 
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between  the  antero-posterior  and  the  transverse  diameters  is  less 
marked  than  in  the  male ;  whilst,  lastly,  the  length  of  the 
stomach  in  the  female  exceeds  the  transverse  diameter  in  a 
relatively  greater  degree  than  in  the  male,  consequently  the 
female  stomach  is  longer  and  more  ntorly  tabular  than  in  the 
male. 

Age,  so  far  as  we  can  ascertain,  has  no  appreciable  relative 
influence  on  the  dimensions  of  the  stomach.  In  our  series  of 
cases  the  relative  dimensions  of  the  stomach  were  very  constant 
at  all  periods  of  life,  but  were  smallest  between  the  ages  of  20 
and  30.  Whether  this  is  to  be  taken  as  indicating  that  tlie 
f  nnctiims  of  the  stomach  are  temporarily  lessened  concurrently 
with  the  cessation  of  growth,  we  cannot  say.  II  age  has  any 
appreciable  influence  on  the  dimensions  of  the  stomach,  we  are 
of  opinion  that  a  very  large  number  of  observations  will  be 
required  to  elucidate  the  fact. 

VI.  The  Cardia. 

The  cardiac  orifice  in  the  completely  distended  stomach,  as 
seen  from  within,  is  usually  somewhat  funnel-shaped.  Its 
dimensions  are  very  variable,  and  have  not,  so  far  as  we  can 
a8cei:tain,  any  ratio  to  either  sex  or  age.  In  the  ordinary  text- 
book description  of  the  cardiac  orifice  no  mention  is  made  of 
tk  cardiac  valve;  it  is  apparently  assumed  to  be  non-existent, yet 
such  is  not  the  case.  A  crescentic  valve  is  very  frequently  found, 
situated  most  usually  at  the  upper  and  back  part  of  the  orifice, 
and  projecting  downwards,  with  a  depth  varying  from  two  to  five 
millimetres.  Such  a  valve  we  found  to  be  present  in  about  50 
per  cent,  of  cases,  and  rather  more  frequently  in  the  female  than 
in  the  male ;  but  we  are  of  opinion  that  if  the  mucous  membrane 
be  examined  in  a  fresh  condition,  this  valve  will  be  found  to  be 
almost  constantly  present.  We  are  further  of  opinion  that  this 
valve,  small  though  it  be,  is  an  actually  functional  valva  The 
reasons  which  have  led  us  to  this  belief  are,  briefly,  as  follows: 
the  termination  of  the  oesophagus  opens  obliquely  into  the 
stomach,  and  during  digestion  its  walls  are  in  contact;  the  actual 
cardiac  orifice  will  thus  be  a  mere  slit,  so  that  a  valve  two 
millimetres  in  depth  is  more  than  sufficient  to  obliterate  such 
an  aperture.    Further,  the  valve  being  suspended,  as  it  is,  from 
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above,  acts  somewhat  like  a  swiug  door  opeuing  both  ways. 
Under  ordinarj  conditions  iti  merely  shuts  off  ttie  oesophagas;; 
bat  given  the  formation  of  gas  during  digestion,  this  may  swing 
the  valve  towards  the  oasophagus,  and  so  escape  per  oram  as  an 
ernctation;  similarly  with  vomiting,  the  abnormally  violent 
muscular  contractions  easily  overcome  the  resistance  of  the 
valve,  thus  permitting  of  regurgitation  of  the  stomach's  con- 
tents. Lastly,  this  view  would  appear  to  be  confirmed  by 
certain  experiments  which  we  have  been  conducting,  and  to 
which  we  hope  to  refer  in  a  subsequent  paper. 

VII.  The  Pylorus. 

With  regard  to  the  shape  of  the  Pylorus,  we  find  it  stated  in 
Qmin  that  "internally  its  opening  is  usually  circular";  and 
further  on,  that  "occasionally  the  orifice  is  oval,  and  it  is  often 
pkced  a  little  to  one  side."     Dwight,  on  the  other  hand,  says  : 
"Though  it  is  understood  that  its  opening  may  be  oval,  it  is 
generally  described  as  circular.  .  .  .     The  following  table  of  30 
observations  on  casts  shows  that  it  is  practically  always  oval." 
Our  own  observations  support  those  of  Dwight.      In  nearly  70 
per  cent,  of  our  cases  the  pylorus  was  distinctly  oval,  having 
average  diameters  of  18  millimetres  by  14  millimetres.     Though 
the  remaining  30  per  cent,  of  our  cases  were  classified  by  us  as 
circular,  it  must  be  remembered  that  the  shape  in  these  cases 
was  determined  by  the  eye  alone,  so  that  we  are  very  strongly 
of  opinion  that  Dwight  is  correct  when  he  says  "  it  is  practically 
always  oval."      As  regards  the  actual  size  of  the  orifice   in 
Dwight's  30  cases,  the  average  dimensions  were  rather  less  than 
in  our  50  cases,  Dwight  giving  14  X  11  millimetres,  as  opposed 
to  our  18x14  millimetres.     Speaking  of  the  direction  of  the 
longest  axis  of  the  oval,  Dwight  says  that  he  has  been  unable 
to  ascertain   any  definite  direction.       With   this   we   cannot 
altogether  agree;  for,- whilst  admitting  that  the  direction   is 
variable,  we  found  that  in  nearly  70  per  cent,  the  direction  was 
obliquely  from  above,  downwards  and  backwards.     This  direc- 
tion, then,  we  regard  as  the  more  or  less  normal  one.     Other 
directions  that  we  found  were  vertical,  and  horizontal  from 
before  backwards. 
Huachke  has  been  quoted  as  saying  that  "sometimes  the 
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circular  rim  is  imperfect,  and  there  are  found  instead  twb 
erescentic  folds,  placed  one  above  the  other,  below  the  passage ; 
and  lastly,  there  is  occasionally  but  one  such  erescentic  fold." 
The  former  condition  we  did  not  meet  with,  and  the  latter  only 
twice.  With  regard  to  the  single  erescentic  fold,  it  is  obvious 
that  such  a  condition  results  from  the  actual  orifice  having 
been  placed  rather  near  the  periphery  than  usual. 

Another  condition  which  we  did  find  on  several  occasions  has 
not,  so  far  as  we  are  aware,  been  previously  described.  It  i8 
the  occurrence  of  a  second  and  even  a  third  erescentic  valve 
in  addition  to  the  pyloric  valve  proper.  A  second  erescentic 
valve  we  found  in  14  per  cent,  of  our  cases,  and  a  third  valve  in 
2  per  cent.  When  the  second  valve  do^  occur,  it  appears 
to  be  usually  erescentic  and  somewhat  variably  situated.  The 
additional  valve  occurred  rather  more  frequently  in  the  male 
than  in  the  female. 

Conclusions. 

1.  The  greater  curvature  is  usually  three  times  as  long  as  the 
lesser  curvature, — not  four  or  five. 

2.  The  transverse  diameter  of  the  stomach  is  always  greater 
than  its  antero-posterior  diameter. 

3.  The  length  of  the  stomach  is  about  two  and  a  quarter 
times  greater  than  its  transverse  diameter. 

4.  Sex  has  an  appreciable  influence  on  the  shape  and  dimen- 
sions of  the  stomach,  the  female  stomach  differing  from  the 
male  in  its  relatively  greater  length,  in  being  more  nearly 
tubular,  and  in  the  greater  disparity  between  the  two  curvatures. 

5.  There  is  frequently  a  cardiac  valve,  which  the  authors 
believe  to  be  functional. 

6.  The  pylorus  is  oval,  not  circular,  in  outline,  and  its  longest 
axis  is  most  frequently  directed  from  above,  downwards  and 
backwards. 
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DUPLICITY  OF  CERVIX  UTERI  IN  TRICHECUS  AND 
OTARIA.  By  Professor  Cleland,  F.R.S.,  Glasgow. 
(Plate  XXVII.) 

Having  had  occasion  to  make  some  preparations  from  a  young 
female  walrus  about  five  feet  in  length,  presented  to  me  by  Mr 
Bostock,  I  was  astonished,  on  examining  its  genito-urinary  organs, 
to  find  that  the  uterus  was  internally  completely  double,  as  in 
the  monotremata.  True,  there  was  a  well  elongated  vagina  and 
a  cervix  uteri,  whose  extremity  projected  into  it ;  but  this  pro- 
jection exhibited  two  orifices  placed  close  together,  each  of  which 
led  into  a  distinct  uterus  divided  into  cervix  and  cornu. 

I  felt  puzzled  to  know  if  by  some  clw»nce  it  had  happened 
that  this  particular  specimen  exhibited  a  remarkable  example  of 
that  bicornute  anomaly  which  is  occasionally  met  with  in  the 
human  subject,  or  if  this  extraottlinary  condition  was  really  the 
normal  arrangement  in  the  walrus.  I  had  no  means  of  getting 
another  specimen  for  comparison.  But  while  the  difficulty 
was  still  occupying  my  thoughts  I  happened  to  lay  hands  on 
the  uterus  of  a  sea-lion  {Otaria  jvbaia\  which  had  been  laid 
aside  till  I  should  find  time  to  prepare  it  for  exhibition  as  a 
jar  specimen,  and  for  which  I  had  also  been  indebted  to  Mr 
Bostock's  kind  thoughtfulness  for  science.  It  at  once  occurred 
to  me  that  this  might  possibly  show  something  throwing  light 
on  the  uterus  of  the  walrus. 

I  proceeded  accordingly  to  examine  the  interior.  At  firet  I 
was  disappointed.  The  os  uteri  externum  showed  only  one 
opening,  and  the  cavity  of  one  of  the  cornua  was  traced  down 
to  the  place  of  junction  with  the  other  cornu,  and  thence  con- 
tinuously  to  the  os.  But  happily  there  was  noticed  a  curious 
irregularity  of  the  rugae  on  the  side  corresponding  with  the 
other  cornu,  and  on  closer  inspection  it  was  found  that  there 
were  two  pass^iges  in  the  upper  three-fourths  of  the  cervix,  that 
tbe  septum  between  the  two  was  of  no  great  thickness,  that 
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there  depended  from  its  retroserial  or  vaginal  edge  a  short 
uvular  process  reaching  almost  to  the  external  os,  and  that  it 
ended  in  an  edge  proserially  in  such  a  position  as  to  leave  a 
communication  between  the  two  comua  of  sufficient  size  for  the 
passage  of  a  goose-quill. 

I  took  the  precaution  of  re-examining  the  uterus  of  the  6eal 
{Phoca  tnti(Una)j  and  was  soon  assured  that  it  presented  not  the 
slightest  trace  of  inclination  to  persistent  duplicity  of  the 
Miillerian  duct,  retroserial  to  the  point  where  the  cornua  uteri 
separate.  The  overwhelming  probability  is  that  the  conditions 
seen  in  the  walrus  and  sea-lion  are  normal  It  seemed,  indeed, 
at  first  possible  that  the  one  example  of  walrus  examined 
presented  an  unusual  abnormality ;  but  assuredly  it  would  be 
in  the  last  degree  unlikely  for  such  an  occurrence  to  be  followed 
by  a  smaller  degree  of  the  same  kind  of  abnormality  in  an  onlj 
specimen  of  an  allied  animal.  It  is  for  other  anatomists  (o 
repeat  the  observation  of  the  interior  of  the  uterus  in  both  these 
animals.  Meanwhile,  it  is  simply  to  be  noticed  that  the  peculi- 
arities here  recorded  are  due  to  deficiency  of  that  union  of  the 
Miillerian  ducts  which  had  been  carried  to  its  full  extent  in  the 
ancestral  stock,  and  that  this  failure  to  carry  out  the  ancestral 
tendency  to  complete  union  of  the  oviducts  from  the  base  of 
the  cornua  to  the  urogenital  sinus  has  occurred  to  the  greater 
extent  in  the  more  modified  of  the  two  forms,  namely,  the 
walrus.  This  suggests  that  the  consanguinity  of  the  walrus  to 
the  sea-lion  is  greater  than  to.  the  seal;  and  indeed  they  were 
already  placed  nearer  to  one  another  in  Cuvier's  Aninud 
Kingdom^  on  account  of  greater  resemblance  of  limb. 

It  is  a  long  stride  from  any  of  the  animals  mentioned  to  the 
cetacea.  But  I  have  carefully  examined  the  uterus  and  vf^ina 
of  a  porpoise  before  birth,  and  made  certain  that  there  is  in  it 
not  the  smallest  trace  of  duplicity  of  the  oviducts  at  any  point 
posterior  to  the  separation  of  the  cornua  uterL  It  may  be 
remembered,  however,  that  in  1884  *  I  placed  on  record  that  in 
the  male  white-beaked  dolphin  I  found  in  the  ifirst  part  of  the 
urethra,  immediately  beyond  the  openings  of  the  yasa  deferentia, 
"  two  large  openings  distinct  one  from  the  other,  and  both  leading 
up  into  a  single  sinus  pocularis." 

1  Jour,  Anal,  and  fhy^^  xyiii,  g,  88 j^. 
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As  respects  other  details  in  the  anatomy  of  the  parts  in  the 
sea-lion  and  walrus,  it  may  be  mentioned  that,  in  both,  the 
specimens  the  cervix  uteri  is  about  an  inch  long,  and  that, 
]Q  both,  the  mucous  membrane  of  the  cervix,  as  well  as  the 
rest  of  the  uterus,  is  longitudinally  rugose,  the  rug%  of  cervix 
and  coruua  being  continuous  at  the  os  internum,  but  presentiug 
at  that  part  a  momentary  constriction  of  each  ruga,  so  as  to 
make  a  circular  indentation  crossing  the  series.  The  cornua  of 
both  specimens  are  dilated  in  the  middle  and  semicircular  in 
curve,  ending  abruptly  in  a  Fallopian  tube,  which  arises  in  the 
wall  of  a  peritoneal  hood  furnished  with  only  a  small  orifice 
placed  close  to  the  end  of  the  comu.  This  orifice  is  smaller  in 
the  sea-lion  than  in  the  walrus.  In  both  there  is  a  vascular 
fringe  close  to  the  orifice  of  the  sac,  in  connection  with  the 
extremity  of  the  Fallopian  tube ;  but  it  is  best  developed  and 
most  laminated  in  the  sea-lion.  In  both  specimens  the  urethra 
is  elongated,  and  the  urethral  orifice  is  in  connection  with  a 
hymeneal  fold.  In  the  walrus  the  hymeneal  fold  is  simple,  and 
the  urethral  orifice  three  inches  removed  from  the  truncated 
glans  clitoridis,  which  lies  in  a  preputial  depression  close  to 
the  outside.  In  the  sea-lion  the  glans  clitoridis,  together  with 
the  largely  developed  clitoris,  is  similar  to  that  of  the  walrus ; 
but  the  urethral  orifice  is  not  more  than  an  inch  and  a  half  f  roni 
the  glans  clitoridis,  and  the  hymeneal  fold  retreats  dorsally 
from  the  vulva,  and  presents  dorsally  about  half  a  dozen  well 
marked  pointed  processes  continuous  with  as  many  longitudinal 
rugae  of  the  vagina. 

As  I  have  had  occasion  to  mention  a  dissection  of  a  foetal 
porpoise,  I  may  note  that  in  it  the  urethra  is  close  to  the 
clitoris;  there  is  thus  no  deep  urogenital  sinus;  also  there  is 
no  hymen.  But  the  vagina  is  enormously  elongated,  and  is 
di\dded  into  a  straight  vulvar  or  superficial  portion,  and  a 
deep  part  crumpled  up  and  separated  from  the  superficial  part 
by  a  constriction.  The  cornua  uteri  have  the  mucous  membrane 
coarsely  rugose,  while  the  cavity  of  the  cervix  and  the  vaginal 
aspect  of  the  os  externum  present  a  much  finer  longitudinally 
rugose  appearance. 
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EXPLANATION   OF  PLATE  XXVIL 

Fig.  1.  Trtchecvs  rosmarus, — a,  Ovary  laid  bare  by  cutting  open 
the  peritoneal  hood ;  6,  the  opening  of  the  hood ;  c,  round  ligament 
of  uterus ;  d,  oomua  uteri  laid  open ;  e,  cervix  uteri ;  /,  os  uteri ; 
g^  Tagina;  h,  urethral  orifice;  t,  interior  of  urogenital  sinus; 
ky  elevation  caused  by  body  of  clitoris. 

Fig,  2,  Otaria  jubata,-r^Oy  Highly  complex  and  vascular  finibria 
tubee ;  h,  portion  of  uterine  wall  to  which  the  septum  partially 
dividing   the   cervix  is  attached ;    i',  uvular  extremity  of  septum. 

The  other  letters  are  the  same  as  in  fig,  h 
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ON  THE  VITALITY  OF  THE  OVA  AND  SPEEMATOZOA 
OF  CERTAIN  ANIMALS.  By  Jambs  F.  Gemmill,  M.A., 
M.B.,  Lecturer  on  Embryology,  and  Assistant  to  the  Professor 
of  Anatomy,  Glasgow  University, 

The  ripe  sexual  products  of  many  inariue  animals  are  shed 
into  the  sea-water,  and,  apart  from  the  attraction  which  ova 
exercise  on  spermatozoa  within  short  distances,  the  meeting 
of  the  two  elements  in  fertilisation  depends  in  great  part  on 
accidental  causes.  No  doubt  considerable  waste  of  material 
takes  place.  It  is  by  no  means  rare  to  find  unfertilised  ova  in 
tow  nettings.  To  provide  for  the  fertilisation  of  even  a  moderate 
uamber  of  eggs  a  greater  amount  of  sperm  must  be  produced 
by  the  male  than  in  cases  where  the  contact  of  ovum  and  sperm 
is  artificially  aided. 

Many  echinoderms  and  molluscs  breed  under  the  conditions 
above  described.  The  sea-ui:chin,  Echinus  sphcera,  and  the 
limpet,  Patella  mdgatay  may  be  taken  as  typical  examples,  the 
former  being  ripe  in  April  on  our  coasts  and  the  latter  in 
October. 

Considerable  interest  will  centre  round  any  facts  that  can  be 
made  out  regarding  the  duration  of  vitality  of  the  ova  and 
spermatozoa  of  these  animals  under  normal  conditions.  In 
the  case  of  spermatozoa,  a  further  question  will  present  itself, 
viz.,  how  far  and  at  what  rate  do  they  travel  by  their  own  move- 
ment, and  from  what  distances  are  they  attracted  by  ova  ? 


DuKATiON  OF  Vitality  of  Ska-TJrchin  Eggs  in  Sea- Water. 

In  carrying  out  each  set  of  observations  on  this  point  fresh 
ova  were  shed  into  a  series  of  vessels  containing  sea-water. 
Then  at  short  intervals  some  freshly-obtained  sperm  was  shed 
into  the  vessels  successively.  -  After  a  sufficient  lapse  of  time 
the  results  of  6ach  attempted  iertilisatiou  weire  not^d  under  the 
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microscope,  attention  being  paid  to  the  segmentation  and  general 
development  of  the  ova,  and  to  the  proportion  in  numbers 
between  the  unsegmented  ova  and  the  normal  and  abnormal 
morulae  and  blastulae. 

While,  on  the  whole,  the  results  of  different  experiments  were 
fairly  uniform,  still  variations  ocourred  from  time  to  time,  due 
no  doubt  to  differences  in  the  ripeness  and  general  condition  of 
the  oya  and  sperm  available.  On  an  average,  it  was  found  that 
when  ova  have  been  shed  for  from  one  to  four  hours,  they  are 
in  the  best  state  for  normal  fertilisation,  and  give  rise  to  few 
cases  of  polyspermy  and  irregular  development.  Up  to  niue 
hours  there  is  little  loss  of  vitality.  Weakness,  however,  now 
begins  to  make  its  appearance,  and  goes  on  increasing  with  each 
interval.  After  seventeen  hours  a  very  considerable  number  of 
ova  are  quite  incapable  of  fertilisation,  or  develop  abnormally. 
With  each  succeeding  hour  this  number  increases  rapidly,  until 
after  from  twenty  to  twenty-four  hours  only  1  or  2  per  cent. 
of  actually  living  ova  remain.  In  no  case  was  segmentation 
observed  in  ova  that  had  been  shed  for  twenty-eight  hours  or 
more. 

From  this  it  appears  that  the  life  of  an  unfertilised  sea- 
urchin  egg  in  sea-water  is  comparatively  short.  The  limit  of 
probability  in  its  favour  is  little  over  half  a  day,  while  the 
limit  of  possibility  is  practically  fixed  at  twenty-four  hours. 

It  is  a  remarkable  fact  that  polyspermy  and  irregular  develop- 
ment are  more  apt  to  occur  in  the  case  of  ova  that  are  fertilised 
immediately  after  being  shed  into  sea-water  than  in  those 
which  have  been  left  to  themselves  for  a  little,  e.g.,  for  from  one 
to  four  hours  before  fertilisation  is  attempted.  Apparently  the 
short  interval  gives  them  time  to  round  off  their  circumference, 
and  allows  their  peripheral  layer  to  become  accustomed  to  the 
medium  of  sea-water.  One  finds  under  the  microscope  that 
many  ova  which  are  at  first  irregular  in  outline  by-and-by 
round  themselves  off  into  perfect  spheres.  As  is  well  known, 
in  the  normAl  fertilisation  of  the  sea-urchin  egg,  immediately 
after  the  entrance  of  the  first  spermatozoon  head,  the  peripheral 
layer  of  the  ovum  throws  off  a  delicate  but  firm  membrane-- 
'*  the  membrane  of  fertilisation  "-r^which  effectually,  prevents 
the  entrance  of. additional  spermatozoa.    In  .welltnarked. castf 
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ol  polyspermy  this  membrane  ib  never  tormei.  It  is  to  b^  uoted^ 
however;  that  when  perfectly  fresh  ova  are  taken  from  iirchiDS 
that  are  perfectly  ripe,  immediate  fertilisation  may  be  effected 
without  the  occurrence  of  more  than  occasional  cases  of  poly- 
spermy. But  whenever  the  ova  are  taken  froiki  a  gland  that 
is  either  immature  or  half  spent,  more  cases  of  polyspermy  occur 
with  immediate  than  with  delayed  fertilisation. 

No  doubt  polyspermy  may  occur  also  from  general  lowering 

of  the  vitality  of  the  whole  ovum.    Whenever  the  8ea*urchins 

used,  whether  ripe  or  not,  were  not  quite  fresh— «.^.,  when  they 

had  been  kept  in  stagnant  sea-water»  or  had  been  out  of  the 

water  altogether,  either  in  the  laboratory  or  on  the  shore  above 

low-tide  level,  the  number  of  cases  of  polyspermy  ou  immediate 

fertilisation  was  relatively  very  great     In  one  extreme  instance, 

where  the  sea-urchin  from  which  ova  were  taken  had  been  kept 

ill  the  laboratory  among  damp  sea-weed  for  thirteen  hours,  not 

a  single  case  of  normal  development  resulted  in  the  set  to.which 

spermatozoa  were  immediately  added ;  while  out  of  another  set 

of  the  same  ova,  which  was  allol^ed  to  remain  in  sea-water  for 

four  hours  before  the  addition  of  spermatozoa,  75  per  cent,  of 

normal  blastulse  resulted.    Probably  when  first  shed  the  ova  in 

question  were  in  a  state  of  semi-asphyxia,  from  which  they 

gradually  recovered  when  allowed  free  breathing  space  in  the 

sea- water. 

As  before  stated,  considerable  variations  occur  in  the  duration 
of  vitality  of  ova  taken  from  different  sea-urchins,  and  apparently 
the  origin  of  these  variations,  other  things  being  equal,  is  to 
be  found  in  the  comparative  spentness  of  the  urchins.  In 
proportion  as  the  glands  are  exhausted,  and  according  as 
they  reach  the  extreme  of  exhaustion,  the  shorter  is  the  term  of 
free  life  in  the  ova  obtained  from  them.  They  may  even  be 
incapable  of  fertilisation  after  so  short  a  period  as  five  hours. 
In  such  cases,  also,  at  all  intervals,  great  numbers  of  examples 
of  abnornal  development  occur.  Among  the  commonest  and 
most  easily  recognised  are  such  malformations  as  the  formation 
of  a  rosette  of  small,  incompletely-separated  cells  at  one  end^ 
unequal  total  segmentation,  complete  and  incomplete  blastulae 
of  half,  quarter,  or  one-eighth  the  normal  size,  hlastulaB  ot  full 
size  without  a  proper  blastocoele,  etc.      A  few  drawings  are 
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given  below,  taken  from  the  results  of  a  fertilisation  made  on 
17th  May  1898.  The  duration  of  vitality  of  the  unfertilised 
ova  in  this  set  was  not  greater  than  seven  hours. 

One  can  always  count  on  getting  a  great  number  of  abnor- 
malities from  the  ova  of  spent  urchins.  The  most  of  these  are 
of  the  incomplete  type — e^.,  hemiblastulse  derived  from  one  of 
a  two,  four,  or  eight  celled  stage  (figs.  2,  4,  6).  Less  common 
are  forms  such  as  are  indicated  in  figs.  3,  5,  where  the  blastula 
is  complete,  though  not  of  the  usual  size.  The  cells  which 
remain  behind  in  development  retain  their  form,  and  by  their 
mere  physical  presence  cause  any  blastula  derived  from  a  sister 
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Abnonnalities  in  early  deyelopment  of  Ova  from  a  spent  Sea-XJichin. 

(Explanation  in  text.) 


cell  to  be  incomplete.  Similarly,  in  the  frog's  ovum,  when  one 
of  the  cells  of  a  two-celled  stage  is  killed  but  not  disintegrated, 
the  other  will  often,  it  is  stated,  develope  into  a  hemi-embryo. 

In  an  easy  method  which  I  have  been  in  the  habit  of 
using  in  order  to  get  abnormaUties  for  demonstration  purposes, 
and  which  consists  in  drawing  up  newly-fertilised  ova  into  a 
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pipette  with  a  verj  fine  nozzle  and  then  ejecting  them  with 
moderate  force,  one  finds  that  complete  blastulae  of  smaller 
than  normal  size  tend  to  be  developed  in  successful  experiments. 

I  Apparently  the  slight  violence  used  separates  the  cells.  It  maj 
lead  to  the  disiutegratiou  of  some  of  these  cells,  which  become 
broken  up  into  a  mass  of  granular  debris,  and  exercise  no 
moulding  influence  on  the  development  of  the  surviving  cell& 

Examples  of  this  are  seen  in  figs.  3  and  5.  The  complete 
blastulffi  of  half  size  seen  in  both  have  been  developed  from  one 
cell  in  a  two-celled  stage.  The  other  cell  is  in  a  state  of 
partial  or  complete  disintegration. 

A  remajkable  fact  noted  in  carrying  out  the  experiments  on 
the  vitality  of  ova  was  that  the  access  of  spermatozoa  to  ova, 
which  are  moribund  but  not  quite  dead^  markedly  hastens  their 
disintegration.  In  such  cases  the  surface  of  the  ova  rises  up 
into  clear  blister-like  projectionB,  the  contents  become  vesicu-* 

I  lated,  and  a  sort  of  pseudo-segmentation  results.  Apparently 
the  spermatozoa  gain  entrance,  but  are  able  to  do  no  more  than 
form  foci  of  protoplasmic  irritation,  leading  to  the  formation  of 
vacuoles  and  to  the  early  degeneration  of  the  whole  cell.  A  set 
of  the  same  ova,  if  kept  for  a  few  hours  longer  (i.e.,  till  they  are 
dead)  before  the  sperm  is  added,  will  be  quite  uninfluenced  by 
the  spermatozoa,  and  may  retain  their  integrity  of  form  for 
days. 

Duration  op  Vitality  of  Limpet  Ova. 

Limpets  are  ripe  during  late  autumn  and  early  winter.  The 
same  routine  of  experiments  was  carried  out  on  their  ova  as 
iu  the  case  of  the  sea-urchin.  The  term  of  vitality  of  limpet 
ova  after  being  shed  is  somewhat  longer  than  that  of  sea-urchin 
eggs.  After  seventeen  hours  a  good  culture, can  still  inmost 
cases  be  made.  The  usual  limit  is  thirty  hours,  but  in  some 
cases  it  was  as  low  as  twenty-four  hours,  and  in  others  it 
stretched  out  to  forty.  As  in  the  sea-urchin,  more  examples  of 
polyspermy  and  irregular  development  occur  in  ova  that  are 
fertilised  immediately  after  being  shedi  than  in  others  from  the 
same  gland  whose  fertilisation  is  delayed  for  an  hour  or  two. 
Also  polyspermy  and  irregular  development  crop  up.  frequently 
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after  the  vitality  of  the  ova  used  has  been  impaired  bj  too  long 
delay.  Am  in  Echinus,  the  influence  of  spennatosoa  in  hastening 
the  disintegration  of  ova  which  are  in  a  moribund  condition 
wus  freqiiently  noted. 

From  obeervatious  on  the  comparative  sizes  of  the  ovaries 
of  a  great  number  of  sea-urchins  and  Umpets  at  diflerent  times 
during  the  breeding  season,  it  is  evident  that  the  shedding  of 
ova  takes  place  at  intervals  which  are  scattered  over  a  cou* 
siderable  period.  The  whole  contents  of  the  glands  are  not 
emitted  at  one  time,  but  only  the  ripest  part.  The  actual  pro* 
cess  of  shedding  was  only  observed  iu  the  sea-urchin.  In  two 
cases  which  came  very  directly  under  observation,  the  animals 
had  been  kept  isolated  in  captivity  in  small  tanks,  and  when  the 
process  began  they  were  adheirent  to  the  sides,  close  under  the 
surface  of  the  water.  The  ova  streamed  out  gently  from  the  five 
genital  apertures,  and,  the  surrounding  water  being  quite  still, 
they  showed  no  tendency  to  disperse,  but  fell  slowly  to  the  bottom 
and  accumulated  in  a  heap  there.  Any  fluid  that  wais  poured 
out  with  the  ova  did  not  react  to  the  sea- water  by  diffusion 
sufficiently  to  cause  them  to  be  scattered. 

Vitality  of  Spermatozoa. 

In  making  observations  on  the  vitality  of  spermatozoa  the  fresh 
sporm  of  a  ripe  sea-urchin  was  shed  into  sea- water,  and  at  intervals 
some  of  the  mixture  was  added  to  fresh  ova.  After  a  sufficient 
lapse  of  time  the  condition  of  the  ova  as  to  fertilisation  and 
general  development  Was  noted  under  the  microscope.  In  some 
cases  microscopic  examination  of  the  mixture  of  sperm  and  sea- 
water  for  free  movement  on  the  part  of  the  spermatozoa  was  also 
made  at  intervals. 

The  results  as  to  duration  of  vitality  varied  extremely, 
according  to  the  amount  of  sperm  used  in  proportion  to  the 
volume  of  sea-water  into  which  it  was  shed.  When  a  small 
quantity  of  sperm  was  mixed  with  a  large  quantity  of  aea- 
water,  the  duration  of  vitality  of  the  spermatozoa  is  short, 
but  when  the  converse  proportions  are  used,  it  is  greatly 
lengthened.     This  state  of  matters  appears  to  be  due  to  two 
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causes : — (1)  Mixing  with  sea -water  stimulates  the  activity  of 

movement  of  the  spermatozoa,  which  become  the  more  active 

the  better  thej  are  mixed  with  pure  sea-water.     Under  these 

circumstauces,  their  store  of  energy  will  be  the  sooner  exhausted. 

(2)  As  spermatozoa  are  no  doubt  nourished  by  the  spermatic 

fluid  in  which  they  lie,  the  more  this  fluid  is  diluted  by  the 

addition  of  sea-water  the  less  nutritive  it  will  become.    Well 

developed  spermatozoa  may  remain  practically  inactive  inside 

the  testes  for  a  very  considerable  time.    Thus  for  some  months 

before  the  actual  breeding  period  in  most  echinoderms  and 

in  the  limpet,  ripe  spermatozoa  are  present  in  the  sexual  glands 

(along  with  much  unripe  tissue),  which  only  need  the  stimulus 

of  sea-water  to  make  them  exhibit  movements.    It  may  not  be 

possible  to  obtain  ripe  ova  from  the  same  species  for  testing 

their  fertilisation  powers.     But  in  the  echinoderms  it  is  possible 

sometimes  to  obtain  ripe  ova  from  different  species,  capable  of 

cross  fertilisation  by  the  prematurely  developed  spermatozoa. 

Thus  ArwphidoUis  cordatus  is  ripe  in  July,  but  sperm  taken 

from  male  specimens  early  in  May  will  impregnate  the  ova  of 

Echintts  sphoRra  and  Echinvs  miiiaris. 

Fully  developed  sperm  inside  the  sexual  gland  dies  rapidly 
if  respiration  is  interfered  with,  and  therefore,  presumably, 
in  normal  circumstances  undergoes  metabolic  changes  and 
requires  nutrition.  While  normally  quiescent  inside  the 
gland,  it  cannot  be  said  to  be  absolutely  inactive.  Thu9 
in  some  rare  cases  of  hermaphroditism  recorded  by  me  in 
the  limpet,^  where  spermatic  and  ovarian  tissue  were  both 
present  in  the  same  genital  gland,  not  a  few  of  the  ova  had 
been  fertilised  internally.  The  gland  contained  a  considerable 
number  of  segmented  ova,  and  of  larvse  already  in  the  trochophore 
stage,  which  began  to  swarm  immediately  after  they  were  shed 
into  a  vessel  of  sea-water.  It  is  to  be  noted,  however,  that  an 
examination  of  sections  of  the  hermaphrodite  gland  showed  that 
fertilisation  had  taken  place  only  in  those  ova  which  were 
either  surrounded  by  spermatic  tissue,  or  were  in  contact  with 
such  tissue  at  some  part  of  their  circumference. 

^  "  On  some  Cases  of  Hermaphroditism  in  the  Limpet,  with  Observations  on  the 
Inflnence  of  Nutrition  on  Sex  in  the  Limpet,"  Atuitomisch^r  Aivzeigery  Bd.  xii., 
ISTo.  17, 1S06. 
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DuRATiOK  OP  Vitality  of  Ska-Cbchik  Spermatozoa. 

Ab  indicated  previously,  the  term  of  yitalitj  of  spermatozoa 
varies  according  to  the  degree  of  their  admixture  with  aea- 
water.  Where  so  little  spermatic  fluid  is  used  that  only  the 
slightest  turbidity  or  milkiness  results  in  the  sea-water,  the 
average  time  during  which  spermatozoa  exhibit  active  move- 
ments and  are  capable  of  fertilising  ova  is  from  three  to  five  hours. 
To  go  to  the  other  extreme,  when  the  mixture  is  so  thick  as  to  be 
quite  milky  and  opaque,  the  vitality  of  the  spermatozoa  may  be 
maintained  for  as  long  an  seventy-two  hours.  By  taking  sperm 
from  a  sea-urchin  and  mixing  it  in  different  vessels  with  different 
quantities  of  sea-water,  oue  obtains  sets  of  spermatozoa  which 
will  retain  their  vitality  for  a  rising  series  of  terms,  e.g.,  8,  12, 
16,  24,  48,  and  72  hours.  For  the  longest  term,  the  pro- 
portion of  spermatic  fluid  to  sea- water  should  be  not  less  than 
1  to  10. 

For  spermatozoa  as  for  ova  the  duration  of  vitality  varies 
considerably  in  different  specimens  and  at  different  times  in  the 
breeding  season.  It  is  longest  at  the  height  of  the  breeding 
season,  and  becomes  very  markedly  shortened  when  the  animals 
are  spent.  The  same  strength  of  mixture  which  will  keep 
spermatozoa  alive  for  eight  hours  in  the  early  part  of  April,  may 
not  serve  to  keep  others  living  for  more  than  three  hours  if  the 
experiment  is  performed  about  the  middle  or  towards  the  end 
of  May.  This  rule  holds  good  for  all  mixtures,  weak  as  well  as 
strong.  Difference  of  temperature  may  have  a  slight  influence 
in  shortening  the  term  of  life  of.  the  spermatozoa  during  the 
later  seasons,  but'  even  when  the  vessels  used  are  kept  at  the 
temperature,  of  the  sea  by  being  placed  in  a  tank  with  circula- 
tion of  freshly-pumped  sea-water,  the  results  are  still  sub- 
stautially  the  same. 

A6  regards  the  limpet,  the  general  facts  relating  to  the 
vitality  of  its  spermatozoa  correspond  with  those  already  given 
for  the  sea-urchin.  The  one  diflerence  is  that  the  durations  of 
vitality  of  corresponding  strengths  of  mixture  are  greater  for 
limpet  spermotozoa.  In  a.  dilute  mixture  they  will  be  active 
after  eight  to  ten  hours,  while  the  limit  for  the  sea-urchin  under 
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similar  conditions  is  three  to  five  hours.  It  is  to  be  noted  that, 
as  previously  stated,  the  ova  also  of  the  limpet  live  longer  in 
sea-water  •than  those  of  the  urchia  It  is  to  be  noted,  also,  that 
the  spermatozoa  of  the  limpet  do  not  exhibit  the  extreme 
activity  of  movement  shown  by  those  of  the  sea-urchin. 

Of  observations  on  the  vitality  of  other  marine  animals,  only 

one  example  need  be  quoted  here.     It  refers  to  a  large  red 

Nemertine  which  was  obtained   by  dredging  in  October   last, 

and  shortly  after  being  brought  into  the  laboratory  began  to 

discharge  streams  of  spermatozoa  from  lateral  apertures  at  regular 

intervals  along  its  body.    Different  quantities  of  the  spermatozoa 

were  put  into  three  small  vessels.    The  first  vessel  had  only 

a  small  amount  of  sperm  in  a  comparatively  large  quantity  of 

sea-water ;  the  second  had  so  much  sperm  that  its  contents  were 

milky  in  appearance ;  the  third  contained  as  thick  a  mixture  of 

spermatozoa  as  could  be  obtained  by  means  of  a  pipette  from 

the  dish  in  which  the  Nemertine  lay.    The  C(»utents  of  each 

vessel  were  examined  from  time  to  time  under  the  microscope 

for  movement  on  the  part  of  the  spermatozoa.     The  results  as 

to  activity  were  as  follows : — 


Time  of 
Examination. 


Dish  with  weak      Dish  with  medium 


mixture. 


8  hours  after  start    moderately  active 

of  experiment  movement 

I  12  ,,  I  movement  ceased 

24 

40 

48 

54 


mixture. 


active  movement 

active  movement 
active  movement 
faint  movement 
movement  ceased 


Dish  with  thick 
mixture. 


active  movement 

active  movement 
active  movement 
active  movement 
faint  movement 
movement  ceased 


On  comparing  th()  movements  of  spermatozoa  iu  different 
mixtures,  ou^  finds  that  the  difference  of  activity  is  not  suffi- 
ciently m^rkedr  to  account  for  the  very  early  loss  of  vitality  of 
spermatozoa  in  the  weaker  mixtures  simply  in  terms  of  exhaus- 
tion of  energy.  I  am  inclined  to  belieVe  that  the  other  factor 
above  noted,  namely,  the  dilution  of  the  nutritive  medium  by 
the  addition  of  sea-water,  is  the  more  important  cause.  An 
interesting  sidelight  on  this  question  is  afforded  by  some  facts 
which  will  be  given  later  regarding  the  keeping  alive  of  sperma- 
tozoa bj  artificial  nutrition. 
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Movement  of  Spermatozoa  of  Sea-Urchin. 

In  cases  where  the  actual  shedding  of  sperm  was  observed 
the  urchins  in  question  were  adherent  to  the  sides  of  vessels 
close  under  the  surface  of  the  water,  and  they  emitted  from 
their  genital  apertures  steady  streams  of  white  sperm  which, 
when  the  surrounding  water  w^s  quite  still,  tended  to  take  a 
downward  curve  through  force  of  gravity.  The  jets,  which 
were  at  their  origin  thin  and  fine,  soon  became  expanded  am) 
cloudy  by  diffusion,  so  that  by-aud-by  a  considerable  volume  of 
the  surrounding  sea-water  was  permeated  by  the  spermatozoa, 
mainly  or  entirely  through  their  own  activity. 

The  extent  and  rate  of  the  movements  of  spermatozoa  are 
interesting  in  regard  to  fertilisation  generally,  and  have  a 
special  interest  in  cases  such  as  those  we  have  been  considering, 
where  impregnation  takes  place  simply  in  the  sea-water  without 
connection  on  the  part  of  the  parents.  The  actual  rapidity 
of  movement  of  a  single  spermatozoon  is  not,  however,  of  so 
much  importance  in  this  connection  as  the  rate  and  extent 
of  diffusion  through  a  quantity  of  sea-water  of  a  mass  or  thick 
mixture  of  active  sperm.  Under  natural  conditions  the  scatter- 
ing of  the  spermatozoa  will  be  aided  by  various  mechanical 
causes,  such  as  the  action  of  tides,  currents,  waves,  etc.  Such 
mechanical  factors  must,  however;  be  got  rid  of  as  far  as 
possible  in  making  observations  on  the  powers  of  dispersion 
possessed  by  the  spermatozoa  themselves  in  virtue  of  their 
motility.  Two  lines  of  experiment  were  adopted  in  this  con- 
nection: (1)  to  note  through  what  distances  in  a  mass  of  still 
sea-water  (e.^.,  in  a  tauk  or  vessel)  spermatozoa  will  disper80 
themselves  in  all  directions  from  a  definite  focus;  (2)  to 
determine  through  what  distances  spermatozoa  will  travel  in  a 
confined  space  and  in  a  definite  direction,  e.^.,  along  the  lumen  of 
a  glass  tube. 

1.  When  a  small  amount  of  ripe  sperm  is  introduced  as  gently 
as  possible  into  one  part  of  a  vessel  of  comparatively  small  mu 
{e.g,y  3  or  4  inches  each  way)  containing  sea-water,  one  finds  tbat 
after  some  hours  the  sperm  has  diffused  itself  through  the  whole 
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coDtents  of  the  dish,  and  that  these  have  hecome  uniformly 
milky.    When  much  larger  vessels  are  used,  and  all  currents 
ar^  avoided,  the  sperm  does  not  diffuse  itself  beyond  a  certain 
distance  from  the  centre  of  dispersion.     In  order  to  get  an 
approximate  knowledge  of  this  distance,  some  shallow  porcelain 
dishes,  20  inches  long  and  14  inches  broad,  were  filled  with  sea- 
Water  containing  fresh  ova,  and  then  left  undisturbed  for  a  time 
until  the  water  was  perfectly  still  and  the  ova  had  all  settled 
to  the  bottom.    Two  cubic  centimetres  of  a  very  thick  mixture 
of  spermatic  fluid  in   sea-water  were  then,  by   means  of  a 
pipette,  gently  introduced  at  one  corner  to  the  bottom  of  each 
dish.    The  milky  fluid  began  to  spread  out  slowly  along  the 
bottom  in  a  thin  film,  at  first  rather  through  the  influence 
of  gravity  than  by  the  activity  of  the  spermatozoa  themselves. 
From   observations  on   the   behaviour  of  spermatic  fluid,  the 
eontenta  of  which  had  been  previously  killed  by  gentle  heat,  it 
Was  judged  that  the  influence  of  gravity  might  be  counted  on 
as  causing  a  spread  along  the  bottom  of  3  inches  (76  mm.)  from 
the  centre  of  dispersion.     Distances  beyond  that  were  therefore 
considered  as  having  been  travelled  over  by  the  spermatozoa 
themselves  by  virtue  of  their  own  movements.     After  a  suffi- 
cient lapse  of  time,  ova  were  picked  up  by  means  of  a  fine  pipette 
train,  the  bottom,  at  measured  distances  from  the  corner  in 
question,  and  were  examined  for  segmentation  changes  under 
the  microscope.     By  averaging  the  results  it  was  found  that 
7  inches  (177  mm.)  beyond  the  8-inch  mark  was  the  usual  limit  of 
dispetsion.     Within  that  limit  ova  were  fertilised,  beyond  it  they 
remained  unfertilised,  presumably  because  the  spermatozoa  had 
been  unable  to  travel  the  necessary  distance.     To  eliminate  the 
infltience  of  gravity,  in   several  of  the  experiments  a  small 
shallow  vessel  was  at  the  beginning  placed  in  the  corner  of  the 
larger  vessel.     The  spermatic  fluid  was  introduced  into  this 
shallow  vessel,  whose  sides  were  just  high  enough  to  prevent  it 
spreading  out  en  massej  but  offered  no  great  bar  to  the  dispersion 
of  the  spermatozoa  by  their  own  movements.    The  distances 
travelled  were  slightly  less  than  in  the  other  experiments,  and 
were  measured  from  the  rim  of  the  little  vessel,  no  deduction 
requiring  to  be  made  for  spread  through  gravity. 

Similar  experiments   were    carried    out    in    a    large    tank, 
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measuring  4  feet  3  inches  by  2  feet  6  inches,  which  was  filled 
to  a  depth  of  5  inches  with  sea^ water,  and  allowed  to  remain 
undisturbed  until  its  contents  were  quite  stilL  Eighteen  cc. 
of  a  very  thick  mixture  of  sperm  with  sea-water  was  introduced 
gently  by  means  of  a  syringe  into  a  small  shallow  glass  vessel 
placed  at  the  centre  of  the  tank.  As  determined  afterwards  by 
the  fertilisation  test,  the  average  distance  travelled  by  the 
spermatozoa  in  different  directions  measured  radially  from  the 
centre  was  6J  inches  (160  mm.). 

The  figures  given  under  this  head  and  the  last,  while  they  are 
the  actual  averages  of  a  number  of  experiments  (eight  in  the 
former  and  three  in  the  latter),  should  be  looked  upon  as  giving 
only  approximate  results.  The  experiments  were  carried  out 
somewhat  late  in  the  season,  and  though  the  best  available 
material  was  selected  from  a  large  number  of  urchins,  it  is 
possible  that,  had  the  season  been  less  advanced,  slightly  longer 
distances  might  have  been  travelled.  However,  in  any  case, 
the  averages  given  supply  data  for  establishing  fairly  accurate 
knowledge  on  a  subject  about  which,  on  theoretical  grounds 
alone,  one  could  only  form  the  vaguest  of  opinions. 


Movement  of  Spermatozoa  inside  Tubes  of  different 

Diameter, 

Experiments  such  as  those  just  described  are  not  quite  free 
from  probable  error,  due  to  the  interference  of  currents  pro- 
duced by  such  causes  as  surface  evaporation,  changes  of  temper- 
ature, etc.  Then  there  is  always  a  slight  disturbance  set  up  by 
the  action  of  the  pipette  or  syringe.  The  chance  of  mechanical 
interference  will  be  diminished  if  the  spermatozoa  are  only 
allowed  to  travel  within  a  limited  space,  e.g.^  along  the  cavity 
of  a  tube,  and  will  be  small  in  proportion  as  the  bore  of  the 
tube  is  lessened. 

Thin-walled  glass  tubes  of  different  calibre  were  filled  with 
pure  sea-water,  and  then  immersed  horizontally  in  a  mixture  of 
sea-water  and  spermatozoa  inside  a  shallow  vessel  placed  on  the 
stage  of  the  microscope.  It  is  necessary,  in  order  to  prevent 
through  currents  taking  place  along  the  tubes,  to  close  one  end 
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of  each  by  a  plug  of  some  suitable  sabstance,  e.^.,  paraffin  waxa 
The  progress  of  the  spermatozoa  inwalrds  along  the  tube  from 
the  open  end  was  watched  nuder  the  microscope.  One  example 
of  the  results  got  by  this  method  may  be  noted.  SpermaU^Of^ 
were  observed  to  travel  up  a  tube  of  ^\  inch  (2*4  mm.)  in 
diameter  for  a  distance  of  half  an  inch  (12*6  mm.)  in  7  minutes, 
1\  inch  (31*6  mm.)  in  20  minutes,  and  If  inch  (44.  mm.)  ip 
45  minute& 

Owing  to  the  difficulty  and  uncertainty  of  detecting  scattenad 
spermatozoa  under  the  microscope,  the  method  of  watching  was 
given  up,  and  a  surer  test,  depending  on  the  fertilisation  of  ova, 
was  used.  A  simple  way  of  doing  this  was  to  niix  some  ova 
in  the  sea-water  with  which  the  tubes  were  filled  before  their 
immersion  in  the  spermatozoa  bath.  The  tubes  thus  contained 
a  number  of  ova  at  different  distances  from  the  open  end,  and 
as  the  tubes  were  left  horizontal,  the  ova  did  not  shift  their 
position.  The  distances  from  the  open  end  of  those  ova  which 
were  fertilised  or  remained  unfertilised,  were  looked  upon  as 
giving  the  key  to  the  distances  travelled  by  the  spermatozoa. 

Tubes  of  different  diameters  were  used,  from  capillary  sizes 
upwards.  The  spermatozoa  mixture  was  thick  enough  to  be 
slightly  milky  in  appearance. 

In  the  first  place,  capillary  lymph  tubes  varying  in  diameter 
from  g'jth  inch  (1  mm.)  to  ^  inch  ('625  mm.)  were  employed, 
and  the  results  for  these  may  now  be  given.  It  was  found  that 
the  smaller  the  bore  of  the  tube  the  shorter  is  the  distance 
librough  which  spermatozoa  can  travel  along  it  For  capillary 
tubes  of  the  larger  diameter  (^  inch),  it  was  noted  that  if  the 
first  ovum  was  half  an  inch  (12'6  mm.)  or  less  from  the  open 
end  it  was  usually  fertilised.  In  tubes  of  the  smallest  bore 
fertilisation  at  that  distance  was  unusual,  though  it  did  some- 
times occur.  The  first  ovum  in  any  of  the  tubes,  even  the 
smallest,  did  not  by  any  means  block  the  way  against  the  passage 
of  ova  further  up  the  tube,  or  divert  them  all  to  itself.  Certainly, 
when  a  large  number  of  ova  was  massed  near  the  open  end 
of  the  tube,  fertilisation  did  not  occur  for  the  usual  distances 
beyond  them,  but  when  only  a  comparatively  small  number  of 
ova  were  present  in  the  tube,  say  twelve  to  the  half  inch,  and 
especially  where  these  were  uniformly  distributed,  fertilisation 
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occurred  for  quite  the  usual  distance  inwards.  Indeed,  in  not 
a  few  cases,  it  seemed  that  a  succession  of  ova  along  the  tube 
at  short  distances  from  one  another  attracted  the  spermatozoa 
to  travel  further.  The  longest  distances  recorded  in  this  set  of 
capillaiy  tube  experiments  as  having  been  travelled  by  sperma** 
tozoa,  namely  ff,  §f,  and  |4  ^^  ^^  ^^^  (18*1  mm.,  19  mm., 
20 '5  mm.),  were  all  found  in  tubes  which  had  ova  placed  along 
them  at  intervals  of  from  ^  to  ^  of  an  inch  (approx.  1  mm.). 
With  only  the  rarest  exceptions  the  ova  were  fertilised  in  the 
ftrder  in  which  they  succeeded  each  other  along  the  tubes. 
Different  sets  of  experiments  give  slightly  different  distances, 
but  on  the  whole  the  range  of  variation  was  very  limited  indeed, 
and  the  results  were  remarkably  uniform. 

The  method  of  applying  the  fertilisation  test  described  above 
is,  for  various  reasons,  not  suitable  for  tubes  of  comparatively  large 
bore,  e.g.,  from  ^  of  an  inch  (2-4  mm.)  onward.  The  following 
modification  was  used.  Short  glass  tubes  of  different  lengths  and 
diameters  were  filled  with  pure  sea-water  containing  ova.  One 
end  of  each  was  securely  plugged  with  cotton  wool,  and  the 
tubes  were  then  placed  upright  for  a  time  in  pure  sea-water^ 
until  the  ova  inside  them  had  all  fallen  down  to  the  plugged 
end.  They  were  then  transferred  as  gently  as  possible  to  a  dish 
containing  a  mixture  of  sea-water  and  spermatozoa,  and  immersed 
there,  being  still  kept  upright.  After  twenty-four  hours  the 
contents  of  each  tube  were  poured  out  and  examined  for  s^- 
mentation,  etc.,  of  the  ova  contained  in  them.  Where  fertilisa- 
tion was  present,  it  must  have  been  effected  by  spermatozoa 
which  had  travelled  down  from  the  open  end  along  the  column 
of  pure  sea-water  in  the  tube  to  the  ova  at  its  lower  end.  One 
set  of  measurements  may  be  given.  For  tubes  of  ^  inch  in 
diameter  (6*3  mm.)  all  distances  up  to  2  inches  (50  muL)  were 
readily  passed.  At  2^  inches  (63  mm.),  only  a  few  ova  were 
fertilised,  and  at  2f  inches  (69  mm.)  no  fertilisation  took  place 
at  all. 

Another  method  employed  of  applying  the  fertilisation  test 
was  as  follows.  Two  shallow  vessels  of  equal  size  and  shape, 
the  one  containing  fresh  ova,  and  the  other  fresh  spermatozoa, 
were  placed  side  by  side,  and  connected  by  a  bridge  of  glass 
tubing  filled  with  sea-water.     It  was  found  possible  to  make 
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certain  that  at  the  start  of  the  experiment  the  water  inside  the 

bridge  tube  should  contain  no  spermatozoa.    Before  the  bridge 

waa  put  on,  the  water  in  the  vessel  containing  ova  was  filled  up 

to  a  shghtlj  higher  level  than  that  in  the  vessel  containing 

spermatozoa.     Accordingly,  when  the  bridge  was  set  in  position, 

a  gentle  current  set  in  by  siphon  action  from  the  didi  with  ova 

to  the  other,  and  this  current  ceased  iv^hen  the  water  in  both 

was  brought  to  the  same  level    Further  currents  were  prevented 

by  having  the  vessels  of  equal  size  atid  shape,  so  as  to  equalise 

any  evaporation  that  might  take  place,  and  by  leaving  them 

quite  undisturbed  till  the  end  of  the  experiment.     After  about 

twenty-four  hours  the  ova  were  examined  for  fertilisation,  which 

was  looked  upon  as  the  test  whether  spermatozoa  had  travelled 

from  the  one  dish  to  the  other.     The  total  length  of  the  bridge 

tube  was  considered  as  the  measure  of  the  distance  travelled. 

Other  things  being  equal,  the  results  varied  with  the  diameter 

of  the  tubes  experimented  on,  i.e.,  the  wider  the  bore  of  the 

tube  the  greater  is  the  span  of  the  bridge  that  can  be  crossed. 

For  tubes   of  ^  inch  diameter  (7  mm.  inside  measurement) 

spermatozoa  travelled  along  all  distances  up  to  4  inches  (100 

mm.),  but  that  is  near  the  limit,  for  when  tubes  of  4f  inches 

(120  mm.)  length  were  used  no  fertilisations  resulted. 

As  regards  the  distance  from  which  spermatozoa  are  attracted 
to  ova,  my  results  so  far  give  little  exact  information.  In 
watching  under  the  microscope  the  progress  of  spermatozoa  along 
capillary  tubes  containing  ova,  it  was  found  that  individual 
spermatozoa  might  travel  freely  past  an  ovum  not  yet  fertilised 
without  being  necessarily  drawn  to  it.  On  the  other  hand,  as 
noted  above,  it  was  found  that  spermatozoa  will  travel  further 
up  a  tube  when  they  are  led  on  by  a  series  of  ova  at  short  dis- 
tances (1  mm.)  from  each  other.  The  capillary  tubes  used 
varied  in  diameter  from  1  mm.  to  -625  mm.  One  may  conclude, 
therefore,  that  while  there  is  no  compelling  influence  at  *625 
mm.,  some  slight  attraction  does  exist  up  to  1  mm< 

The  reasons  why  s|)ermatozoa  travel  for  shorter  distances 
along  tubes  of  small  calibre  will  be  partly  physiological  and 
partly  physical.  The  oxygen  in  the  water  inside  a  small  tube 
will  readily  be  exhausted,  and  there  will  then  be  cessation  of 
movement.     But,  apart  from  this,  as  the  initial  energy  of  the 
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spermatozoa  is  limited,  it  is  to  be  expected  (as  Dr  Mje^us 
Maclean  informs  me)  that  their  length  of  dispersion  along  a 
tube  will  become  less  as  the  diameter  of  the  tube  is  diminished. 

When  the  extreme  differences  noted  above  in  the  duration  of 
vitality  of  spermatozoa  in  thicker  and  thinner  mixtures  were 
observed,  and  their  cause  referred  chiefly  to  dilution  of  the 
nutritive  spermatic  fluid,  the  question  was  raised  whether  by 
supplying  artificial  food  the  vitality  of  spermatozoa,  even  in 
very  thin  mixtures,  could  not  be  prolonged.  Some  sterilised 
nutrient  bouillon  had  been  obtained  for  other  purposes  from 
Dr  Ferguson  of  the  Pathology  Department,  Glasgow  Uni- 
versity. The  bouillon  consisted  of  a  peptonised  extract  in 
water  of  finely-minced  lean  meat.  It  had  been  carefully 
neutralised,  and  was  said  to  contain  about  40  per  cent, 
of  solids.  It  was  first  tried  on  the  spermatozoa  of  a  Tere- 
bellid.  Small  quantities  of  the  spermatozoa  were  placed  in 
equal  proportions  in  four  vessels  containing  sea-water.  Two 
of  the  vessels  were  then  left  alone,  a  small  quantity  of  bouillon 
was  added  to  the  third,  and  about  three  times  that  quantity 
to  the  remaining  dish.  The  amount  added  to  the  last  dish  was 
about  4  per  cent,  of  its  total  contents.  On  microscopic  ex- 
amination afterwards,  it  was  found  that  the  movements  of  the 
spermatozoa  ceased  first  in  the  two  vessels  to  which  no  bouillon 
had  been  added,  but  continued  longest  in  the  vessel  which  had 
received  most  bouillon.  There  was  at  least  twenty-four  hours 
of  difference  between  the  extremes. 

This  experiment  has  been  repeated  several  times,  and  with 
similar  results,  on  sea-urchin  spermatozoa,  microscopic  examina- 
tion being  used  to  test  their  activity.  In  addition  the  fertilisa- 
tion test  was  several  times  applied.  It  was  found  that  a  thin 
mixture  of  spermatozoa  in  sea-water  to  which  some  bouillon 
had  been  added  were  capable  of  fertilising  ova  for  a  considerably 
longer  time  than  a  similar  set  of  spermatozoa  to  which  no 
bouillon  had  been  added. 

One  may  therefore  draw  the  conclusion  that  spermatozoa, 
when  active  and  liberated,  are  capable  of  nourishing  them- 
selves in  a  suitable  artificial  medium,  and  that  even  in  their 
highly-specialised  ripe  condition  they  have  not  given  up  the 
ordinary  cell-function   of  nutrition.      The  same  conclusion  is 
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indicated  by  a  fact  that  can  often  be  observed  in  'the  routirie 
of  examining  cultured,  especially  of  limpet  ovck.  •  Sbm'e  of  the 
«gg8  may  have  adherent  to  them  cellular  and  other  nutrient 
d^bria  In  such  cases  it  may  be  noted  oil  microscopic  examina- 
tion of  the  cultures  after,  say,  eighteen  hours,  that  while  move- 
ment has  ceased  in  the  spermatozoa  dispeilsed  throughout  the 
sea-water,  active  movement  is  still  present  in  the  spermatozoa 
which  have  been  entangled  in  the  shreds  of  tissue  surrounding 
ova. 

Similarly,  when  any  solid  bits  of  testes  have  found  their  way 
into  the  spermatic  fluid  used  for  making  cultures,  these  pieces, 
when  examined  under  the  microscope,  may  be  found  to  contain 
active  spermatozoa  for  a  long  time  after  all  movement  has  ceased 
in  the  spermatozoa  which  are  floating  singly  in  the  sea-water. 

For  material,  laboratory  facilities,  etc.,  I  liave  pleasure  in 
acknowledging  my  indebtedness  to  the  Committee  of  Manage- 
ment of  the  Millport  Marine  Station,  and  also  to  Mr  Alex. 
Oray,  Curator  of  the  Station. 

Note. — Possibly,  if  the  habits,  migrations,  etc.,  of  these  animals 

were  fully  known,  it  might  be  found  that  the  shedding  of  the 

sexual  products  takes  place  at  times  and  under  conditions  which 

are  favourable  in  some  degree  to  impregnation,  but  so  far  as  I 

know  no  decisive  observations  on  this  point  have  been  recorded. 

It  is  noted  at  Millport  that  during  spring  and  early  summer 

urchins  are  found  much  more  abundantly  close  inshore,  both 

above  the  level  of  extreme  low  tide  and  just  beneath  it,  than 

in  the  autumn  and  winter  months.     At  the  former  season,  also, 

they  may  be  observed  sticking  to  the  pillars  and  supports  of 

piers  from  which  in  winter  they  are  absent.     It  is  doubtful, 

however,  whether  this  inshore  migration  which  begins  with  the 

advent  of  the  breeding  season,  is  directly  connected  with  the 

breeding  function.     Last  April  on  examining  a  number  of  pairs 

of  Echinus,  which  were  close  together  on  the  pillars  of  the  pier 

at  Millport,  I  found  that  they  were  quite  as  often  of  the  same 

sex  as  of  opposite  sexes.     Experiments  were  tried  on  urchins 

collected  during  the  breeding  season  to  see  whether  the  presence 

of  ova  and  sperm  in  the  sea-water  stimulated  male  and  female 

specimens  to  shed  their  sexual  products.     In  some  cases  shed- 
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ding  actoallj  took  place,  but  it  also  occurred  with  about  as 
great  relative  frequency  when  the  urchins  were  immersed 
ringly  in  pure  sea-water.  The  experiments  were  therefore  in- 
eonclusive.  To  be  decisive,  they  would  have  to  be  carried 
out  on  specimens  that  have  been  kept  in  captivity  for  a  con- 
siderable time,  and  have  become  thoroughly  acclimatised  to 
tank-room  conditions. 

It  is  probable  that  the  inshore  migration  in  question  has  to 
do  with  feeding,  seeing  that  in  the  comparatively  calmer  months 
of  fate  spring  and  early  summer,  the  ground  at  and  near  low- 
water  mark,  with  its  abundance  of  vegetable  growth,  will  afford 
a  rich  and  safe  pasturage.  An  observation  interesting  in  this^ 
connection  has  been  made  at  Keppel  Pier,  Millport.  Some 
years  ago  the  pillars  and  supports  of  the  pier  gave  attachmeut 
to  a  rich  growth  of  algse  and  hydroids,  while  sea-urchins  were 
also  plentiful  on  them  in  spring  and  early  summer.  Now  (189^ 
and  1899),  for  some  reason  or  other,  the  vegetable  and  hydroid 
growth  has  almost  disappeared,  its  place  being  taken  by  great 
numbers  of  the  anemone,  Adinoloba  dianthiis.  At  the  same 
time,  very  few  urchins  are  to  be  found  on  the  pier,  even  at 
those  parts  which  are  left  unappropriated  by  the  Actinoloba* 
The  results  of  dredging  just  outside  the  pier  show  that  urchiu» 
exist  in  great  plenty  on  the  ground  there.  This  observation 
rather  favours  the  view  that  the  migration  of  the  urchins  is  for 
feeding  purposes.  On  the  other  hand,  it  has  been  noted  by  Mr 
Gray,  curator  of  the  Millport  Station,  and  by  myself,  that 
towards  the  middle  and  end  of  the  breeding  season  urchins  got 
inshore,  or  near  it,  are  less  spent  as  a  rule  than  those  which 
are  dredged  up  from  deeper  waters. 

The  limpet  is  sedentary  for  the  most  part,  and  only  leaves 
its  place  for  a  short  occasional  feeding  excursion  when  the  tide 
is  in,  returning  thereafter  regularly  to  its  former  place  of 
attachment.  It  is  a  very  rare  occurrence  for  a  grown-up 
limpet  to  change  its  site.  Last  year  a  marked-off  area  near 
the  middle  tidal  zone  was  carefully  cleared  of  limpets,  ninety 
in  all  being  removed.  Afterwards  this  area  was  carefully 
examined  from  time  to  time.  During  the  iSrst  four  months 
no  new  resident  migrated  thither,  though  limpets  were  plenti- 
ful all  round  about.       By   the  sixth   month  the  ground  in 
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question  had  quite  altered  its  character,  and  was  covered  by 
a  thick  growth  of  small  algae.  At  the  same  time  oue  solitary 
individual  of  large  size  was  found  to  have  settled  down  on  a 
aoTuer  of  the  area,  and  to  have  cleared  off  the  algae  from  a 
fimall  surrounding  patch. 

The  presence  of  ova  and  spermatozoa  in  the  surrounding  sea- 
water  does  not  apparently  stimulate  male  and  female  limpets 
respectively  to  shed  their  sexual  products.  Last  October  a 
<!0D8iderable  number  of  limpets  kept  in  captivity  at  the  Marine 
Station,  Millport,  were  immersed  singly  in  vessels  containing 
fresh  ova  or  spermatozoa.  The  sex  and  ripeness  of  each  limpet 
was  determined  after  a  time  by  dissection.  In  no  case  was  a 
ripe  male  or  female  found  to  have  shed  its  spermatozoa  or  ova 
by  the  stimulation  of  opposite  elements  in  the  sea-water  in 
which  it  was  immersed. 

On  the  whole,  while  further  observations  are  needed  on  the 
breeding  habits  of  the  sea-urchin  and  the  limpet,  it  is  safe  to 
say  that  no  sexual  connection  takes  place  among  these  animals, 
and  that  the  meeting  of  ovum  and  spermatozoon  in  the  sea-water 
depends  mainly  on  accident.  In  this  connection  two  points 
deserve  to  be  noted  regarding  their  genital  glands:  first, 
the  ovaries  are  large  in  proportion  to  the  size  of  the  animal, 
and  produce  countless  numbers  of  comparatively  small  ova; 
second,  the  testes  are  quite  equal  to  the  ovaries  in  bulk, 
the  minute  size  of  individual  spermatozoa  being  made  up  for  by 
their  vastly  greater  number. 
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THE  FORM  OF  THE  EMPTY  BLADDER,  AND  ITS 
CONNECTIONS  WITH  THE  PERITONEUM;  TO- 
GETHER WITH  A  NOTE  ON  THE  FORM  OF 
THE  PR0STATE.1  By  A.  Francis  Dixon,  M.B.,  ScD., 
Professor  of  Anatomy^  University  College,  Cardiff,  (Plates 
XXVII  I.-XXX.) 

In  a  note  published  recently  in  the  Anato^nischer  Avzeiger^  I 
have  drawn  attention  to  the  fact  that  in  specially  hardened 
subjects,  the  empty  bladder  possesses  a  very  definite  shape  or 
form.  Since  the  publication  of  this  note  I  have  had  opportuni- 
ties of  extending  the  original  observations,  and  am  now  in  a 
position  to  speak  with  more  certainty  of  the  appearances 
presented  by  the  bladder,  and  of  its  peritoneal  relations,  as  they 
are  seen  in  subjects  in  which  the  various  parts  have  been 
hardened  in  situ.  The  present  description  is  based  upon  an 
examination  of  twelve  subjects — ten  males  and  two  females. 
Nine  of  these  were  prepared  by  injectipns  of  strong  solution  of 
formalin ;  two  by  injections  of  potassium  bichromate  solution ; 
while  the  remaining  one  was  frozen,  cut  in  mesial  section,  and 
the  parts  then  thawed  out  in  a  mixture  of  spirit  and  formalin. 

The  Empty  Bladder? — In  all  the  subjects  except  one  male — 
in  which  the  bladder  was  somewhat  distended — the  superior 
sitrface  of  the  organ  is  triangular  in  outline.  This  surface  is 
bounded  on  each  side  by  a  lateral  border,  extending  from  about 
the  point  where  the  corresponding  ureter  reaches  the  bladder 
to  the  bladder  apex  or  point  of  attachment  of  the  urachus; 
posteriorly  the  superior  surface  is  limited  by  a  posterior  border 
which  stretches  across  between  the  points  where  the  two  ureters 
reach  the  bladder  (see  fig.  1).    The  angle,  formed  on  each  side 

^  Many  of  the  facts  noted  in  this  paper  were  demonstrated  at  a  meeting  of  tlie 
Anatomical  Society  in  April  1^99. 

«  "The  Form  of  the  Empty  Bladder,"  Anatomischer  Anzeiger,  Bd.  xv., 
Nr.  21,  1899. 

^  As  the  passage  of  urine  into  the  bladder  is  a  continuous  process,  the  organ  is 
very  rarely  found  to  be  absolutely  empty,  i.e.,  to  possess  no  cavity.  The  terra, 
'  empty  bladder,'  is  used  in  this  paper  to  include  all  those  cases  in  which  the 
cavity  of  the  bladder  was  small,  its  greatest  vertical  diameter  not  exceeding  the 
thickness  of  the  wall  of  the  organ. 
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between  the  posterior  and  lateral  border  of  the  empty  bladder, 
might  be  called  the  lateral  angle  of  the  organ.  In  subjects  in 
which  the  bladder  is  in  a  contracted  or  systolic  condition,  this 
angle  is  found  to  correspond  in  position  to  the  region  where 
the  ureter  reaches  the  organ.  When  the  empty  bladder  is  not 
contracted,  but  is  in  the  so-called '  diastolic  condition/  the  lateral 
angle  may  lie  further  from  the  middle  line  and  correspond  to  a 
point  above,  and  somewhat  behind  that  at  which  the  ureter 
reaches  the  bladder.  Possibly  this  diastolic  condition  of  the 
bladder  is  due  to  an  abnormal  relaxation  of  the  muscular  wall 
of  the  organ,  as  has  been  suggested  by  Anderson,^  or  in  many 
cases  it  may  be  due,  I  believe,  to  an  escape  of  fluid  after  death 


urachus 


posterior  border 


I.~0ntline  of  the  empty  bladder  as  seen  from 
above. 


posterior  bordor 


Fig.  2. — Diagram  of  the  empty  bladder  as  seen 

from  below. 


(at  a  time  when  the  muscular  wall  has  ceased  to  have  the  power 
of  contracting),  permitting  the  stretched  upper  surface  of  the 
organ  to  be  pressed  downwards  upon  the  lower  part  of  the 
bladder.  If  this  is  so,  we  must  regard  the  appearance  presented 
in  these  cases,  in  which  the  lateral  angles  of  the  empty  bladder  are 
found  to  lie  above,  behind,  and  a  little  to  the  outer  side  of  the 
points  of  junction  of  the  ui-eters  and  bladder  wall,  as  due  to  post* 
mortem  changes.  In  the  twelve  subjects  which  I  have  examined, 
the  '  diastolic '  condition  was  present  in  two  cases,  and  in  each 
of  these  the  lateral  angles  w^ere  placed  in  the  position  just 
described.    One  of  these  subjects  was  a  male,  the  other  a 

^  A  Treatise  on  AiuUamy,  edited  by  H.  Morris.     2od  ed.,  1898,  p.  1016. 
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female.  The  superior  surface  is  convex  from  side  to  side,  and 
from  before  backwards,  except  when  the  organ  is  in  the 
'  diastolic '  condition,  in  which  case  this  surface  is  concave. 

The  under  aspect  of  the  bladder  is  directed  towards  the  pelvic 
floor,  and  is  made  up  of  two  inferoAatercd  areas,  which  look  for 
the  most  part  downwards,  outwards,  and  a  little  forwards, 
(resting  against  the  side  wall  and  floor  of  the  pelvis),  and  of  a 
part  directed  backwards  and  downwards  towards  the  anterior 
wall  of  the  rectum,  from  which  it  is  separated,  however,  by  the 
seminal  vesicles  and  the  terminal  portions  of  the  vasa  defereutia. 
This  latter  part  is  the  so-called  hose  of  the  bladder.  Each 
iufero-lateral  area  is  triangular  in  outline,  and  joins  the  corre- 
sponding area  of  the  opposite  side,  along  a  rounded  border  which 
exticnds  in  the  middle  line  from  the  bladder  apex  towards  the 
urethral  orifice.  The  infero-lateral  area  is  bounded  superiorly 
by  the  lateral  border  of  the  bladder,  which  separates  it  from  the 
superior  surface  of  the  organ,  while  posteriorly  it  is  separated 
from  the  basal  area  by  a  rounded  border  extending  from  the 
lateral  angle  of  the  bladder-  towards  the  urethral  orifice  (see 
fig.  2). 

The  base  of  the  bladder  is  also  triangular  in  outline,  one 
angle  lying  near  the  urethral  orifice,  the  others  at  the  lateral 
angles  of  the  organ.  The  sides  of  the  triangle  are  formed  by  the 
rounded  borders  which  extend  from  the  lateral  angles  towards 
the  urethral  orifice,  and  by  the  posterior  border  of  the  organ  (see 
fig.  2).  The  position  of  the  urethral  orifice  on  the  under  aspect 
of  the  bladder  corresponds  to  the  lowest  part  of  the  viscua  The 
opening  is  surrounded  by  a  flattened  area  of  the  bladder  wall, 
which  is  structurally  continuous  with  the  upper  part  of  the 
prostate.  The  separation  of  the  prostate  from  the  bladder  is 
here  a  purely  artificial  one,  and  must  be  effected  by  the  use  of 
a  knife. 

Viewed  as  a  whole,  the  empty  bladder  might  be  compared  to 
a  flattened  inverted  tetrahedron,  whose  base  is  directed  upwards, 
and  represented  by  the  superior  surface  of  the  bladder,  while 
the  apex,  which  is  truncated,  is  directed  downwards,  and  corre- 
sponds to  the  position  of  the  urethral  orifice.  The  three  basal 
angles  of  the  tetrahedron  are  represented  by  the  bladder  apex 
and  the  two  lateral  angles  of  the  organ. 
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'  It  is  interesting  to  notice  that  the  shape  of  the  bladder  in 
the  human  embryo  of  11  5  mm.,  as  shown  in  the  models  of 
Keibel/  in  many  ways  closely  resembles  that  just  described  for 
the  empty  organ  of  the  adult.  Model  No.  4  of  Xeibel's  series 
shows  that  the  developing  bladder  possesses  surfaces  correspond- 
ing to  the  superior,  basal  and  infero-lateral  areas  of  the  adult. 
The  lateral  angles,  the  anterior  angle  (or  bladder  apex),  and  the 
inferior  angle  or  point  where  the  developing  urethra  leaves  the 
bladder,  are  also  to  be  recognised  at  this  time.  The  resemblance 
between  the  shapes  of  embryonic  and  adult  organ  is,  however, 
8.o6n  lost  duiring  the  course  of  development.* 

There  can  be  little  doubt  that  the  contracted  bladder  takes 
the  tetrahedral  form  just  described  owing  to  the  fact  that  the 
four  points  where  the  tw^o  ureters,  the  urachus  and  the  urethra, 
join  the  organ  are  more  firmly  fixed  in  position  than  other  parts 
of  the  bladder  wall  As  the  organ  contracts  upon  itself  during 
micturition,  these  four  points  are  more  or  less  held  apart,  and 
80  become  the  four  angles  of  a  tetrahedron. 


I  Comparison  with  some  other  Descriptions  of  the 

EMPTY  Bladder. 

Many  of  the  published  descriptions  of  the  empty  bladder  are 
evidently  based  upon  an  examination  of  mesial  sections  through 
the  pelvis.  Symington,^  for  instance,  states  that  '*  the  empty 
diastolic  bladder  has  three  surfaces — a  superior,  with  its  concave 
I  upper  aapect  covered  by  peritoneum ;  an  anterior,  lying  above 
the  pubo-prostatic  ligaments,  and  behind  the  pubic  symphysis, 
and  a  posteriory  which  is  in  relation  with  the  rectum,  vasa 
deferentia,  and  seminal  vesicles  in  the  male,  and  the  cervix  of 
the  uterus  and  upper  part  of  the  vagina  in  the  female."  In 
this  description  the  greater  part  of  the  under  surface  corre- 
spondiug  to  the  infero-lateral  areas  mentioned  above  receives  no 

*  *•  Zur  Entwickelangsgeschichte  des  Mensclilichen  Urogcnitalapparates," 
Arehiv./Ur  Anal.  u.  ErUwickslungageschiehle,  1896,  Taf.  iii.  fi;;.  6.,  and  Mudels 
by  F.  Zieglor,  Nos.  4  and  5. 

'  See  Keibers  Model,  No.  7,  and  also  the  condition  at  birth,  fig.  6  of  this 
pa|>er. 

'  Quain^a  AjuUomy,  vol.  iii.  pt.  iv.,  1896,  p.  206. 

vol*  xxxiv.  (n.s.  vol.  XIV.)  0 
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notice.  The  term  arUer<hinferi(yr  or  'pubic  swrfdce  is  used  by 
Symington  ^  in  another  place  to  indicate  that  part  of  the  bladder 
wall  which  is  formed  bj  the  meeting  of  the  right  and  left 
infero-lateral  areas  described  above.  Inasmuch  as  these 
infero-Iateral  areas  extend  backwards  as  far  as  the  lateral 
angles  of  the  bladder,  it  would  be  inexpedient  to  apply  the  term 
'anterior'  or  * antero-inf erior '  to  them  collectively.  Syming- 
ton states  that  ''the  sides  of  the  bladder,  when  this  oi^an  is 
empty,  are  very  narrow"* — the  narrow  sides  here  noted  will 
correspond  with  the  lateral  borders  mentioned  above. 

Cunningham^  describes  the  empty  bladder  as  possessing 
superior,  basal,  and  inferior  ivalls;  by  inferior  surface  he  seems 
to  indicate  only  the  part  of  the  wall  which  lies  between  the 
urethral  orifice  and  the  bladder  apex. 

Anderson^  states  that  "  the  form  of  the  empty  bladder  is  still 
doubtful,  as  appearances  in  the  dead  subject  do  not  necessarily 
coincide  with  the  condition  existing  during  life."  He  considers 
that  the  'diastolic'  form  is  probably  "not  altogether  the 
normal  result  of  relaxation  preliminary  to  refilling,  and  that 
the  healthy  living  bladder  retains  a  rounded  or  ovoid  form  even 
when  empty." 

Cleland  and  Mackay^  describe  the  'lateral  edges'  of  the 
empty  relaxed  bladder,  and  apply  the  terms  'posterior'  and 
'  anterior '  to  the  two  surfaces  of  the  organ  which  meet  at 
these  edges.  These  'posterior'  and  'anterior'  surfaces  corre- 
spond to  the  superior  and  infero-lateral  surfaces  described  at 
the  beginning  of  this  paper.  The  authors  state  that  not  only 
do  the  lateral  "  edges  disappear  as  the  organ  becomes  rounded 
out,"  but  that  "  in  like  manner  the  edges  disappear  when  the 
organ  is  drawn  together  in  full  contraction."  In  the  specimens 
which  I  have  examined  the  lateral  borders  were  distinct  even 
when  the  bladder  was  fully  contracted;  they  are,  however, 
naturally  most  sharply  defined  in  the  empty  'diastolic  con- 
dition.' 

Waldeyer  ^  states  that  the  empty  male  bladder  is  egg-shaped 

^  Loc.  cit.,  p.  208.  2  Loc.  eU.,  p.  209. 

'  Mamutl  of  Practical  Anatomy ^  vol.  i.  p.  671. 

*  A  Treatise  of  Anatomy^  edited  by  Morris,  1898,  p.  1016. 
^  Human  Anatomy,  1896,  p.  768. 

•  Das  Becken,  1899,  p.  287. 
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and  flattened  from  before  backwards    The  narrow  end  of  the 
organ  is  directed  upwards,  the  broader  one  downwards.    Among 
variations  he  notes  that  the  empty  bladder  is  rarely  spherical, 
more  often  pear-shaped,  while  sometimes  the  tabular  condition 
of  the  child's  bladder  is  retained  in  the  adult.     Waldeyer  dis- 
tinguishes in  the.  empty  bladder  an  anterior  and  a  posterior 
mr/ace  (facies  anterior  and  f.  posterior)  and  a  base  orfundtis. 
The  lateral  margins^  which  are  described  as  rounded,  are  also 
noticed.      The  'posterior  surface'  represents   the  surface   de- 
scribed as  superior  in  this  paper,  and  the  'anterior  surface' 
is  represented  by  the  two  infero-lateral  areas.     The  portion  of 
the  bladder  which  is  fused  with  the  prostate  is  stated  to  be 
really  a  portion  of  the  fundus,  but  it  receives  the  special  name 
of  neck  (collum  vesicse).     Waldeyer  ^  mentions  that  under  certain 
conditions  a  sharply  marked  angle  (Blasenwinkel)  is  to  be 
observed  between  the  upper  and  posterior  walls  of  the  empty, 
or  partially  distended,  bladder,  and  several  of  the  mttoal  sections 
figured  by  him  show  this  condition,    ^he  figuztfe^  show  that  this 
'Blasenwinkel'  corresponds  to  the  line  ef  the  posterior  border 
of  the  empty  bladder  which,  as  described  »bove,  stretches  across 
between  the  lateral  angles  of  the  organ.     The  angle  is  seen  in 
figs.  8  and  9  of  this  paper.     According  to  Waldeyer,  the  angle 
is  more  common  in  the  female  than  in  the  male.    The  dish* 
shaped  form  (Schtisselgestalt)  of  empty  bladder  which  corre- 
sponds to  the  'diastolic  condition'  of  other  authors  is  stated 
by  Waldeyer  to  be  less  common  in  the  nale  than  in  the  female, 
and  to  be  associated  with  the  thinner  bladder  wall  iu  the  latter 
sex.    As  has  been  mentioned  above,  the  '  diastolic  lotm '  of  the 
organ  very  probably  arises  as  the  result  of  an  escape  of  fluid 
by  the  urethra  after  the  bladder  wall  has  lost  its  power  of 
contracting.    If  this  view  is  correct,  the  more  frequent  occurrence 
of  this  form  of  bladder  in  the  female  probably  depends  on  the 
shorter  urethra  and  consequent  easier  escape  of  fluid  in  that 
sex.    The  thinner  bladder  wall  found  in  these  cases  is  quite 
consistent  with  the  idea  that  this  '  diastolic '  condition  is  due 
to  post-mortem  change&     In  the  subjects  which  I  have  ex- 
amined, the  condition  did  not  obtain  in  those  in  whom  the 
various  organs  were  most  satisfactorily  hardened. 

1  Das  Secken,  1899,  p.  451. 
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Tlie  bladder  at  birth, — The  empty  bladder  in  the  new-bom 
child  does  not  exhibit  the  surfaces  and  angles  just  described  for 
the  adult  organ,  but  when  specially  hardened  before  removal  it 
is  found  to  be  torpedo-shaped  (fig.  6).  Tlie  long  axis  of  the  organ, 
which  is  directed  downwards  and  backwards,  lies  between  the 
bladder  apex  above  and  the  internal  urethral  orifice  below. 
The  lateral  border  is  not  marked,  but  in  the  position  where 
it  will  afterwards  be  found,  there  is  distinct  intersection  of  the 
bundles  of  muscle  fibres  composing  the  bladder  wall.  The 
urethral  orifice  lies  not  only  on  a  lower  level  than,  but  also  on  a 
somewhat  posterior  plane  to,  the  points  where  the  ureters  reach 
the  bladder.  Thus  the  part  of  the  wall  of  the  organ  which  will 
afterwards  become  converted  into  the  base  of  the  bladder  looks, 
in  the  foetus,  upwards  and  backwards.  Corresponding  to  this 
position  of  the  ureter  opening  and  the  basal  surface  of  the 
bladder,  the  long  axis  of  the  seminal  vesicle  is  directed  down- 
wards and  backwards,  instead  of  downwards  and  forwards,  as  it 
is  in  the  adult.  The  lateral  angles  of  the  bladder  are  not  present. 
If  we  look  upon  the  fcetal  bladder  as  a  tube,  whose  long  axis  is 
straight,  and  directed  downwards  and  backwards  from  the  bladder 
apex  to  the  internal  urethral  orifice,  the  descent  of  the  organ 
into  the  pelvis  must  be  accompanied  by  a  bending  forwards  of 
its  lower  end,  in  such  a  manner  as  to  bring  the  urethral  opening 
on  to  a  plane  anterior  to  the  openings  of  the  ureters — as  it  is 
placed  in  the  adult.  Such  a  bending  of  its  axis  may  be  a 
predisposing  cause  to  the  formation  of  the  lateral  angles  of  the 
bladder,  since  a  tube  when  bent  in  such  a  manner  upon  itself 
tends  to  bulge  laterally. 

Relations  of  tlie  empty  bladder, — ^The  superior  surface  of  the 
bladder,  looking  into  the  pelvic  cavity,  is  related  to  coils  of  the 
small  intestine  and  of  the  pelvic  colon.  In  the  female  it  is 
also  intimately  related  to  the  anterior  surface  of  the  uterus. 
Each  of  the  infero-lateral  areas  described  above  is  in  contact 
with  the  fascia  covering  the  pelvic  surface  of  the  obturator 
internus  and  levator  ani  muscles.  Anteriorly,  near  the  middle 
line,  each  of  these  areas  rests  against  the  pubic  bone  and 
8ymp])ysis  and  against  the  retro-pubic  fat.  The  basal  surface 
of  the  bladder  is  directed  against  the  terminal  portions  of  the 
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vasa  deferentia  and  against  the  seminal  vesicles.  These  struc-r 
tures  separate  the  base  of  the  bladder  from  the  rectum.  The 
vasa  deferentia  and  the  lower  parte  of  seminal  vesicles  are  very 
closely  related  to  the  bladder  wall;  the  upper  ends  of  the 
seminal  vesicles,  on  the  other  hand,  do  not  lie  so  close  to  the 
bladder,  as  they  are  directed  somewhat  backwards.^  In  the 
interval  between  the  upper  end  of  the  seminal  vesicle  and  the 
bladder  wall,  numerous  veins  are  to  be  found  which  establish 
connections  with  the  prostatic  plexus.  In  this  situation,  also,  a 
considerable  amount  of  smooth  muscular  tissue  is  often  present. 
Owing  to  the  bending  backwards  of  the  upper  end  of  the  seminal 
vesicle,  an  interval  is  present  between  the  summit  of  the  vesicle 
and  the  lateral  angle  of  the  bladder  (see  fig.  4).  Each  seminal 
vesicle  along  its  iuner  aspect  is  in  contact  with  the  vas  deferens, 
and  the  vasa  deferentia  of  opposite  sides  are  in  contact  with  one 
another  in  the  middle  line.  In  this  way  no  interval  is  left 
below  the  peritoneal  cavity  in  which  the  anterior  wall  of  the 
rectum  is  in  direct  contact  with  the  base  of  the  bladder,  at  least 
when  the  latter  viscus  is  empty  (see  tig.  8).  It  is  not  easy  to 
explain  how  the  area  arises  over  which  the  bladder  and  rectum 
are  in  contact,  when  the  former  organ  is  distended,  unless, 
indeed,  distension  of  the  bladder  is  aocompanied  by  a  relative 
raising  of  the  level  of  the  peritoneal  reflection  from  the  posterior 
part  of  the  bladder  on  to  the  anterior  surface  of  the  rectum,  or 
by  a  separation  of  the  ampullae  of  the  vasa  deferentia.  No 
evidence  that  such  a  separation  of  the  vasa  deferentia  takes 
place  is  to  be  found  by  a  study  of  the  speciuiens  at  my  disposal ; 
indeed,  in  the  ease  of  a  somewhat  distended  bladder,  the  ampulla* 
of  the  vasa  deferentia  are  found  to  be  closely  applied  to  one 
another  in  the  middle  line.  In  tliis  specimen,  however,  the 
peritoneal  reflection  forming  the  bottom  of  the  recto-vesical 
pouch  appears  to  be  somewhat  raised,  leaving  a  small  area  over 
which  bladder  and  rectum  are  in  contact.  These  facts  lead  me 
to  believe  that  in  the  case  of  the  moderately  distended  bladder, 
the  area  over  which  the  bladder  and  rectum  are  in  close  relation 
is  formed  by  a  raising  of  the  level  of  the  peritoneal  reflection, 
which  forms  the  rectovesical  pouch.     The  obliterated  hypo- 

^  This  bending  backwards  of  tbe  npper  end  of  the  seminal  vesicle,  away  from 
the  bladder,  was  first  pointed  oat  to  me  by  Prof.  BirmiDgham, 
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gastric  artery  is  not  closely  related  to  the  empty  bladder  of  the 
adult,  but  lies  on  the  side  wall  of  the  pelvis  from  one  to  two 
inches  above  the  level  of  the  lateral  border  of  the  orgaa^  In 
one  case  only  did  this  obliterated  vessel  touch  the  empty  bladder, 
and  here  the  unusual  condition  was  present  on  the  right  side 
only;  on  the  left  side  the  vessel  lay  above  the  level  of  the 
bladder  on  the  side  wall  of  the  pelvis.  The  vas  deferens  also 
crosses  the  side  wall  of  the  pelvis  above  the  level  of  the  lateral 
border  of  the  bladder,  until  a  short  distance  behind  the  point 
where  it  crosses  the  ureter  is  reached.  Here  the  vas  deferens 
turns  inwards  and  downwards,  and  becomes  related  to  the  base 
of  the  bladder  (lig.  7).  The  lowest  portion  of  the  bladder  is 
connected  with  the  prostate — the  separation  between  the  two 
organs  being  a  purely  artificial  one.  Superficially,  a  groove 
separates  the  under  aspect  of  the  bladder  from  the  prostate,  and 
this  groove,  which  is  deep  and  well  marked  laterally,  lodges 
numerous  veins  connected  with  the  prostatic  plexus  (figs.  4 
and  13). 

Peritoneal  connections  of  the  eiwpty  bladder. — The  peritoneum 
covers  the  superior  surface  of  the  bladder,  and  leaves  it  along 
each  lateral  border  to  reach  the  side  wall  of  the  pelvis.  The  line 
of  reflection  of  the  peritoneum  from  the  bladder  to  the  side  wall 
of  the  pelvis  is  an  almost  liorizontal  one,  and  corresponds  to  the 
lateral  false  ligament  of  the  organ.  The  level  of  the  line  of 
peritoneal  reflection  varies  somewhat,  according  as  the  point 
from  which  it  starts  anteriorly,  namely,  the  bladder  apex,  lies 
a  short  distance  above  the  upper  margin  of  the  symphysis  pubis 
or  on  a  lower  level,  and  behind  the  symphysis. 

When  the  peritoneum  is  traced  backwards  over  the  superior 
surface  of  the  bladder,  one  often  notices  that,  when  the  posterior 
border  of  the  organ  is  reached,  the  peritoneum  dips  down  to  a 
slight  extent,  and  then  rises  again  to  cover  the  vasa  deferentia. 
The  little  peritoneal  depression  thus  formed  is  seen  in  figs.  3,  7, 
and  8,  and  also  in  one  of  Waldeyer's  sections;  it  appears  to 
represent,  when  present,  the  utero- vesical  pouch  of  the  female. 

Traced  still  further  backwards  over  the  vasa  deferentia,  the 

^  Waldeyer  notes  that  the  obliterated  hypogastric  arteries  are  not  closely 
related  to  the  empty  bladder  in  the  adult. — Das  Beeketit  p.  299. 
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peritoneum  often  forms  in  the  middle  line  of  the  body  a  small 
but  distinct  fold  (the  two  layers  of  which  may  be  in  contact 
with  one  another),  before  it  passes  to  the  lowest  part  of  the 
peritoneal  cavity  to  be  reflected  on  to  the  rectum.    This  fold  is 
seen  in  section  in  fig&  7  and  8,  while  its  appearance  in  the 
andissected  pelvis  is  seen  in  fig.  3,  which  is  a  drawing  from  a 
subject  in  which  the  fold  was  very  well  marked.    The  pouch 
which  lie^   behind  and  below  the  level  of  this  fold  is  often 
described  as  a  portion  of  the  recto-vesical  pouch,  but  it  would 
seem  to  be  more  accurately  described  as  a  pouch  lying  between 
the  rectum  behind  and  the  vasa  deferentia  and  seminal  vesicles 
in  front.     It  appears  to  represent  accurately  the  recto-vaginal 
pouch  of  the  female,  which  lies  below  the  level  of  the  '  torus 
aterinus,'    or  representation  in   the  female   of  the  fold    just 
described.      When   one    traces   this  fold  outwards  from  the 
middle  line,  it  is  found  to  be  continued  into  a  crescentic  peri- 
toneal fold  which  reaches  bcuskwards  towards  the  sacrum  (see 
figa  3  and  7).     These  latter  crescentic  folds  are  by  some  author- 
ities called  posterior  false  ligaments  of  the  bladder  (Symington,^ 
Cleland  and  Mackay,^  and  other  authors),  while  from  others  they 
received   the  name  of  rectovesical  folds.     These  terms  seem 
hardly  suitable,  as  the  folds  undoubtedly  pass  rather  to  the  vasa 
deferentia  and  seminal  vesicles  than  to  the  bladder.  The  crescentic 
folds  almost  certainly  represent  the  utero-sacral  ligaments  in  the 
female,  and  like  these  latter  they  often  contain,  in  their  basal 
or  thicker  portions,  much  smooth  muscular  tissue.     The  small 
mesially  placed  fold  which  connects  the  two  lateral  portions, 
and  which  is  seen  in  mesial  section  of  the  pelvis,  will,  in  this 
case,  represent  the  ridge — torus  uterinus — sometimes  observed 
crossing  the  posterior  aspect  of  the  cervix  uteri  and  connect- 
ing the  utero-sacral  ligaments  of  opposite  sides  (see  figs.  3,  7> 
8,  and  9).      This  view  of  the  'recto-vesical'  folds  appears  to 
be  the  one  accepted   by  Waldeyer.    In  nearly  all  cases  in 
which  the  pelvic  viscera  have  been  satisfactorily  hardened,  the 
arrangement  described  is  easily  made  out. 

The  term  'atrium  of  the  pouch  of  Douglas'  has  been  applied 
to  the  part  of  the  peritoneal  cavity  which  in  the  female  lies 

^  Qttain't  Anatomy,  vol.  iii.  part  iv.,  1896,  pp.  211  and  115. 
^  Ifujnan  Anatomy,  1896,  p.  768. 
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behind  the  diatended  bladder  and  above  the  level  of  the  folds 
just  mentioued,  and  it  seems  satisfactory  to  restrict  the  term 
*  pouch  of  Douglas '  to  the  part  of  the  peritoneal  cavity  which 
lies  l>elow  the.  level  of  the  folds  in  question.^  Should  it  be 
inadmissible  to  apply  the  terms  *  folds  of.  Douglas '  (plicae 
Douglasi)  ^  and  *  pouch  of  Douglas '  (cavum  Douglasi)  to  these 
structures  in  both  sexes,  oue  might  venture  to  suggt^st  that  the 
term  * sacro-genital  folds'  and  'recto-genital  pouch'  would 
be  applicable  to  these  structures  which  are  morphologically 
equivalent  in  the  two  sexes. 

Figs.  8,  9,  and  10  are  diagrammatic  representations  of  the 
arrangement  of  the  peritoneum  as  seen  in  mesial  section  of  the 
bladder.  In  fig.  10  alone  does  the  peritoneum  cover  a  portion 
of  the  basal  surface  of  the  organ,  in  the  others  it  is  borne  off  by 
the  seminal  vesicles  and  vasa  deferentia.  I  am  inclined,  how- 
ever, to  look  upon  fig.  10  as  representing  a  somewhat  abnormal 
condition  due  to  an  escape  of  fluid  from  the  bladder  after  death, 
as  the  organ  possesses  a  concave  upper  surface,  and  is  not  very 
satisfactorily  hardened.  If  this  is  so,  the  fold  marked  I  in  this 
figure  very  probably  is  an  artificial  production,  and  does  not 
represent  the  folds  marked  similarly  in  other  figures.  If  we 
exclude  this  unsatisfactory  case,  none  of  the  specimens  examined 
show  the  peritoneum  to  be  directly  related  to  any  part  of  the 
basal  surface  of  the  empty  bladder.  In  each  of  the  others  the 
peritoneal  covering  is  confined  to  the  upper  surface. 

In  many  specimens  the  peritoneum  covering  the  superior 
surface  of  the  empty  bladder  presents  a  transversely  disposed 
fold  or  wrinkle.  This  fold — the  plica  vesiccUis  transversa — 
appears  to  have  been  first  noticed  by  Henle,^  and  it  has  since 
received  atteiition  from  Waldeyer*  and  others.  Waldeyer 
niakes  use  of  the  lateral  continuation  of  the  fold  to  subdivide 
the  peritoneal  fossa  on  each  side  of  the  bladder  {fossa  para- 
vesicalis)  into  anterior  and  posterior  portions.    He  appears  to 

^  6ee,  for  instance,  Waldeyer,  Dot  Becken,  p.  446. 

*  '  Plica  recto-uterina  *  [Douglasi]  occars  in  JX9  Anaiominclu  NomenekUuTt 
His,  1895,  p.  66.  See  also  Henle,  Lchrbueh  der  AncUomie  (tea  Menschen,  1875, 
Bd.  ii.  p.  911. 

^  **  Handbnch  der  systematisclien  ADstomie  des  Menaehen,''  1875,  ^lonfe 
Avjldge,  Bd.  ii.  p.  910,  and  fig.  681. 

*  **  Topographical  Sketch  of  the  Lateral  Wall  of  the  PeWic  Cavity,"  Journal 
of  Anatomy  and  Physiology,  Oct.  1897,-  Das  Beeketi,  IS99,  and  eltewtiere. 
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coiisider  that  this  fold  prerents  undue  stretching  of  the 
peritoneum  when  the  bladder  becomes  distended,  and  speaks  of 
it  as  a  reserve  fold  of  the  peritoneum  (Beservefalte).  I  have 
found  the  fold  to  be  very  variable  and  to  be  often  absent ;  it  is 
seen  to  be  well  developed  in  the  subjects  from  which  figs. 
3  and  7  were  made.  Sometimes  more  than  a  single  transverse 
fold  is  present.  When  strongly  marked  the  lateral  continuation 
of  the  fold  can  be  traced  on  to  the  side  wall  of  the  pelvis  and 
over  the  pelvic  brim  towards  the  region  of  the  internal  ab- 
dominal ring.  Observations  made  on  the  pelvis  of  the  foetus 
lead  me  to  believe  that  this  plica  transversa  is  not  merely  a 
'Beservefalte/  but  that,. in  many  cases  at  all  events,  it  owes 
its  origin  to  the  isame  processes  which  in  the  foetus  give  rise 
to  the  inguinal  pouches  of  the  peritoneum.  Fig.  11  is  a 
drawing  of  the  pelvis  and  lower  part  of  the  anterior  abdominal 
wall  of  a  foetus,  in  whom  the  testes  have  entered  the  inguinal 
pouches,  but  the  latter  still  widely  communicate  with  the 
abdomen  by  the  internal  abdominal  openings.  Stretching  be- 
tween the  abdominal  rings  of  opposite  sides  are  to  be  seen  a 
number  of  minute  folds  of  peritoneum  which  lie  parallel  to  one 
another  in  their  course.  These  folds  cross  the  obliterated 
hypogastric  arteries  and  bladder.  In  some  specimens  a  single 
fold  is  present  in  this  position  in  the  foetus,  while  more  rarely 
all  trace  of  such  a  fold  is  absent.  One  cannot  help  feeling  that 
these  folds  found  in  the  foetus  almost  certainly  represent  the 
plica  transversa  of  the  adult,  which,  in  many  cases,  has  an 
almost  similar  course,  from  one  abdominal  ring  to  the  other 
across  the  hypogastric  arteries  and  bladder.  The  descent  of  the 
bladder  during  development  would  account  for  the  turning 
downwards  of  the  fold  into  the  pelvis  in  the  adult.  I  have 
found  this  fold  of  peritoneum  more  frequently  and  better 
marked  in  the  male  than  in  the  female  foetus,  and  in  one 
specimen  of  a  full  time  male  foetus  the  bladder  was  found  to  be 
distended,  yet  the  fold  was  not  obliterated.  The  portion  of  the 
fold  which  is  nearest  to  the  abdominal  ring  usually  lies  close  to, 
and  parallel  with,  the  abdominal  part  of  the  vas  deferens;  the 
portion  which  crosses  the  bladder,  on  the  other  hand,  often 
has  the  appearance  of  a  transverse  fold  connecting  the  vasa 
deferentia  of  opposite  sides.    I  believe  that  we  are  justified  in 
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considering  the  drag  on  the  peritoneal  membrane  accompanying 
the  formation  of  the  inguinal  pouches  to  be  the  cause  of  the 
fold  in  the  foetus ;  the  fold  appearing  as  a  result  of  the  stretching 
of  the  portion  of  the  peritoneal  membrane  which  lies  between 
the  abdominal  rings.  A  further  result  of  this  stretching  may 
be  found  in  the  obliteration  of  the  lower  portions  of  the  deep 
peritoneal  recesses  which  exist  between  the  obliterated  hypo- 
gastric arteries  and  the  anterior  abdominal  wall.  It  is  interest* 
ing  in  this  connection  to  notice,  that  the  adult  specimen  iu 
which  the  fold  was  found  most  extensively  developed  was  one 
in  whom  there  existed  a  slight  inguinal  hernia  which  contained 
a  portion  of  the  vermiform  appendix.  This  specimen  is  repre- 
sented in  fig.  7.  Considered  along  with  this  case  the  figure 
given  of  the  fold  by  Henle  ^  is  of  extreme  interest,  as  the  specimen 
shown  by  him  illustrates  the  fold  passing  from  the  region  of 
the  sac  of  a  right  inguinal  hernia  to  that  of  a  left  femoral 
hernia.  In  this  case  a  change  in  the  direction  of  the  drag  on 
the  peritoneum  seems  to  have  caused  a  corresponding  change 
in  the  direction  of  the  fold.* 

Ill  specimens  still  younger  than  that  represented  in  fig.  11, 
at  a  period  when  the  testes  have  reached  but  not  entered  the 
inguinal  pouches,  a  very  distinct  fold  of  the  peritoneum  is  to 
be  seen  stretching  across  between  the  testes,  which  in  its  course 
crosses  the  bladder  and  hypogastric  arteries  (see  fig.  12).  This 
latter  fold  has  been  figured  by  Henle,^  and  by  him  it  is  con- 
sidered to  represent  the  future  plica  recto-vesicalis. 

Waldeyer  refers  to  Henle's  figure,  and  accepts  his  interpre- 
tation. It  does  not  seem  possible  that  this  fold,  which  in  the 
foetus  is  found  to  pass  across  from  the  region  of  one  inguinal 
canal  to  the  other,  could  represent  the  folds  which,  later  on,  are 
found  to  be  directed  backwards  towards  the  sacrum.  In  fact,  a 
study  of  numerous  specimens  affords  no  evidence  that  this 
peritoneal  fold  is  gradually  transformed  into  the  recto-vesical 
ligaments,  but  it  appears  more  probable  that  it  owes  its  origin 
to  a  stretching  of  the  portion  of  the  peritoneal  membrane  which 

>  hoc.  eit,y  p.  909,  fig.  681. 

^  Since  ihis  paper  was  vritten  I  have  seen  the  fold  of  peritoneum  stretohed 
across  between  the  crural  canals  of  opposite  sides  in  a  subject  with  doable 
femoral  hernia. 
•  «  Loe,  eit.,  p.  911,  fig.  682. 
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lies  between  the  testes  as  the  latter  pass  towards  the  inguinal 
canals.  Its  origin  is  probably  due  to  the  similar  causes  which 
at  a  later  period  give  rise  to  the  plica  transversa.  Indeed  it  is 
possible  that  the  fold  in  question  may  be  transformed  into  the 
plica  transversa  (compare  tigs.  11  and  12). 

The  actual  attachments  of  the  peritoneal  fold  are  difficult  to 
determine,  but  it  appears  to  be  connected  more  directly  with 
the  gubernaculum  than  with  the  testis.  If  we  are  to  look  upon 
the  fold  shown  in  Henle's  figure  and  in  fig.  12  of  this  paper  as 
the  source  of  the  plica  transversa,  then  this  latter  arises  at  an 
earlier  period  in  the  male  than  in  the  female  foetus.  Henle 
considers  that  the  fold  shown  in  his  figure  is  representative  of 
the  fold  which  in  the  female  forms  the  broad  ligament,  and 
states  that  it  is  connected  with  the  mesorchium  as  long  as  the 
testes  remain  immediately  below  the  kidneys. 

The  Shape  of  the  Prostate. 

In  the  male  subjects  eicamined  the  prostate,  inclosed  within 
its  fibrous  capsule,  was  found  to  be  very  constant  in  shape. 
Superficially,  the  prostate  is  separated  by  a  deep  groove  from 
the  bladder,  and  this  groove  is  especially  well  marked  laterally. 
The  groove  when  viewed  from  the  side  is  seen  to  be  directed 
downwards  and  forwards,  but  when  seen  from  behind  its 
direction  is  almost  horizontal.  As  the  separation  between  the 
bladder  and  the  prostate  is  a  purely  artificial  one,  and  must 
be  afiected  by  the  use  of  a  knife,  we  may  consider,  for 
convenience,  the  plane  determined  by  this  groove  as  separat- 
ing bladder  and  prostate.  It  is  quite  true  that  some  of 
the  glandular  tissue  usually  ascribed  to  the  prostate  may  lie 
above  this  plane,  and  that  the  muscular  wall  of  the  bladder  may 
often  be  traced  into  the  tissue  below  it.  If  a  knife  be  used  to 
sever  the  bladder  from  the  prostate  in  the  plane  just  indicated, 
we  find  that  the  prostate  so  separated  is  a  somewhat  conical 
body,  whose  base,  directed  upwards  and  forwards  when  in  posi- 
tion, corresponds  for  the  most  part  by  the  plane  of  the  section. 
A  small  portion  on  each  of  the  base  is,  however,  free,  and  forms 
the  lower  border  of  the  deep  sulcus  between  the  bladder  and  the 
prostate.  ,  In  outline  the  base  is  triangular,  one  of  the  angles 
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being  placed  anteriorly,  the  others  laterally.  The  apex  of  the 
prostate  is  rounded  and  points  downwards,  and  from  it  h 
rounded  border  is  directed  to  each  of  the  angles  of  the  base. 
The  three  borders  so  determined  separate  three  surfaces— 
namely,  a  posterior,  and  a  right  and  left  lateral  surface.  The 
posterior  surface  is  tiat,  and  looks  downwards  and  backwards 
towards  the  rectum,  while  each  lateral  surface  is  convex  from 
above  downwards  and  forwards.  The  lateral  surface  looks 
outwards  and  a  little  downwards  and  forwards  for  the  most 
part ;  its  upper  and  posterior  part,  however,  looks  directly  out- 
wards, or  outwards  and  backwards  (see  fig.  13).  The  orifice  of 
the  urethra  does  not  pierce  the  apex  of  the  prostate,  but  is 
placed  on  the  border,  separating  the  lateral  surfaces  at  a  point 
a  short  distance  above  and  in  front  of  the  apex  (figs.  9,  10, 
and  13).  This  position  of  the  urethral  opening  relative  to  the 
apex  of  the  prostate  is  observed  also  in  the  child  at  birth  (fig.  6). 


EXPLANATION  OF  PLATES  XXVIII.-XXX. 

[Reference  letters  commoii  to  all  figures  except  No.  12] 

A.  Deep  epigastric  artery.  J.  Cavum  Donglasi  (Becto-vi 

B.  b.  Bladtier.  or  *  Recto- vesicsil '  pouch. 

C.  Colon  or  rectum.  L.  Conimon  iliac  artery. 

D.d.  Hypogastric  artery.  N.  P»oas  muscle. 

E.e.  Plica  yesicalis  trausversa.  0.  Extenial  iliac  artery. 

F.  Vas  deferens.  P.p^  Prostate. 

H.h.  Ureter.  r.  Vermiform  appendix. 

I.i.  Plica  Donglasi  (Utero-aacral)  or  U.  Urethra. 

'  Rtcto- vesical '  fold.  W.  Pubic  bone. 

X.  Seminal  Tesicle. 

Fig.  3.  View  of  the  pelvis  of  a  young  male  subject,  seen  from  above 
and  hehind.     The  peritoneum  has  been  left  in  situ,  and  the  variou^^ 
structures  are  seen  shining  through  it. 

Fig.  4.  Cast  of  the  empty  bladder  and  the  prostate,  seen  from 
side.     The  peritoneum  has  been  left  upon  the  superior  surface  of 
organ,  and  its  cut  edge — indicated  by  a  white  line — oorrespondB 
position  to  the  lateral  border  of  the  bladder.     The  point  where 
urethra  leaves  the  prostate  lies  close  to  the  letter  U  in  the  figure. 

Fig.  5.  Cast  of  one-half  of  the  bladder  and  prostate,  seen  from 
below  (same  specimen  as  tig.  4).  The  point  where  the  urethra  leaves 
the  prostate  is  indicated  by  a  black  dot  near  P  in  the  figure. 
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Fig.  6.  Bladder  and  prostate  of  a  new-born  child,  seen  from  the 
side.  The  bladder  is  spindle-  or  torpedo-shaped.  ^Note  the  forward 
position  of  the  junction  of  the  ureter  with  the  bladder,  and  the  direc- 
tion of  the  seminal  vesicle.  Some  muscular  fibres  connected  with  the 
bladder  are  seen  in  front 'of  the  prostate  and  urethra.  The.e,  when 
the  organ  was  in  position,  were  attached  to  the  pubis. 

Fig.  7.  Mesial  section  of  the  male  pelvis.  The  portions  of  intestine 
^'hicii  lay  in  the  pelvis  have  been  lifted  out  to  show  the  side  wall  of 
the  pelvic  cavity.  The  peritoneal  folds  of  the  pelvis  and  the  various 
structures  which  appear  shining  through  the  peritoneum  lining  the 
cavity,  can  be  made  out. 

Fig.  8.  Mesial  section  through  the  bladder  (same  specimen  as  figs. 
4  and  5).  The  cut  edge  of  the  peritoneum  is  shown  by  a  white  line. 
Owing  to  an  interlocking  of  the  curves  described  by  the  vasa  defer- 
eotia,  both  right  and  left  vessels  (f*)  are  cut  in  this  section. 

Figs.  9  and  10.  Mesial  sections  of  the  bladder  from  two  different 
subjects  to  illustrate  differences  in  the  arrangement  of  the  peritoneum 
in  relation  to  the  organs  In  both  cases  the  cut  edge  of  the  peri- 
toneum is  indicated  by  a  white  line«.  The  condition  in  fig.  10  is  prob-^ 
ably  due  to  a  post-mortem  change  in  the  bladder.     (See  text.) 

Fig.  11.  Pelvis  and  posterior  aspect  of  thef  anterior  abdominal  wall 
in  a  male  foetus  of  the  eighth  month.  The  internal  abdominal  rings 
and  plica  vesicalis  transversa  are  well  seen^ 

Fig.  12.  View  of  a  portion  of  the  posterior  aspect  of  the  anterioi' 
abdominal  wall  of  a  younger  foetus  than  that  ahowii  in  fig.  11.  The 
testes  have  not  descended,  but  are  seen  lying  to  the  outer  sides  of  the 
hypogastric  arteries.  They  are  connected  by  a  peritoneal  fold  which 
stretches  across  the  hypogastric  arteries  and  bladder.  The  guber- 
nacalum  is  seen  on  the  left  side,  but  not  lettered.  B.  bladder,  D. 
hypogastric  artery,  P.  epididymis,  S.  peritoneal  fold,  T.  testis. 

Fig.  13.  Prostate  and  somewhat  distended  bladder,  eeen  from  the 
side.  The  shape  of  the  prostate  and  the  deep  groove  between  the 
prostate  and  bladder  are  well  seen.  The  dotted. line  indicates  the 
level  at  which  the  peritoneum  was  reflected  froni  the  bladder.  The 
relationship  of  the  apex  of  the  prostate  to  the  point  of  exit  of  the 
urethra  is  clearly  indicated.  . 


ON  THE  STRUCTURE  AND  FUNCTIONS  OF  H.EMO- 
LYMPH  GLANDS.  By  W.  B.  Drubocond,  M.B.,  CM., 
M.R.aP.E.^    (Plates  XXXL-XXXIII.) 

The  struotures  variously  termed  haemal  glands  and  hsemo- 
lymph  glands  have  long  been  known,  but  only  in  quite  receut 
years  has  any  adequate  description  been  given  of  their  minute 
anatomy,  and  quite  divergent  views  have  been  brought  forward 
as  to  their  probable  function.  Our  knowledge  of  their  dis- 
tribution among  the  mammalia  is  still  very  imperfect.  They 
are  so  easily  overlooked  in  some  cases,  and  so  easily  mistaken 
for  other  structures,  that  it  is  probable  they  may  be  present  in 
many  species  where  they  have  not  yet  been  discovered. 

1.  Bibliographical. 

The  structures  now  generally  known  as  hsemolymph  glands 
were  first  described  by  Heneage  Gibbs  in  a  paper  in  the  Quart 
Joiim,  of  Micr.  Sci,^  vol.  xxiv.  (1884),  "On  some  Structures 
found  in  the  Connective  Tissue  between  the  Renal  Artery  and 
Vein  in  the  Human  Subject." 

W.  F.  Robertson  afterwards  described  them  more  fully  in  tlie 
Lancet  for  29th  November  1890. 

In  1891  Clarkson  published  in  the  Brit,  Med.  Journal  a 
**  Report  on  Haemal  Glands,"  describing  certain  glands  which 
he  found  in  close  relationship  with  the  renal  artery  in  certain 
herbivora,  viz.,  the  horse,  sheep,  and  pig. 

In  a  Text-book  of  Histology,  1896,  Clarkson  describes  two 
varieties  of  haemal  gland,  viz.,  those  previously  described  by 
himself,  and  those  described  by  Robertson  as  haemolymph 
glands. 

In  the  Journal  of  Anat  and  Phys,  (January  1897),  Swale 
Vincent  and  Spencer  Harrison  published  an  excellent  descrip- 
tion  of  the  "  Haemolymph  Glands  of  some  Vertebrates."     They 

^  The  work  for  this  paper  was  carried  out  in  the  laboratory  of  the  Royal 
College  of  Physicians  in  Edinburgh. 
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give  a  much  more  detailed  description  of  the  glands  than  pre- 
vious writers,  and  come  to  quite  different  conclusioDS  as  to  their 
fuDction.  Sobertson  and  Clarkson,  though  for  different  reasons, 
believe  that  the  glands  are  concerned  in  the  formation  of  red 
blood  corpuscles,  while  Vincent  and  Harrison  believe  that  they 
are  concerned  not  in  blood  formation  but  in  blood  destmctioD. 

In  the  present  paper  some  points  in  the  minute  structure  of 
the  glands  are  described  in  detail,  and  the  different  views 
brought  forward  as  to  their  function  are  discussed.  For  the 
purpose  of  the  paper  the  hsemolymph  glands  of  the  sheep  and 
ox,  of  the  rat,  and  of  the  dog  are  examined,  as  these  present  well 
marked  varieties  in  structure.  Some  notes  are  also  given  on 
the  development  of  the  glands, 

2.  Methods. 

Moat  of  the  specimens  were  fixed  in  a  saturated  solution  of 
corrosive  sublimate  in  normal  salt  solution,  and  afterwards 
thoroughly  washed  in  running  water  or  in  normal  salt  solution, 
or  in  dilute  alcohol  and  iodine.  Formaline,  osmic  acid,  Cox's 
fluid,  and  other  fixatives  were  also  used. 

All  the  specimens  were  cut  in  paraffin.  The  sections  were 
fixed  to  the  slide  by  the  hot-water  method,  and  stained  on  the 
slide. 

The  stains  chiefly  used  were  Ehrlich's  hsematoxylin  and  eosin 
or  acid  fuchsin  or  aurantia ;  methylene  blue  and  eosin ;  the 
Ehrlich-Biondi  triple  stain ;  haematoxylin,  saffranin,  and  eosin  ; 
Haidenhain's  hsematoxylin  and  iron-alum;  Cox's  modification 
of  Grolgi's  method. 

Fresh  specimens  and  cover -glass  preparations  were  also 
examined. 

3.  Gross  Anatomy. 

(a.)  Bos  Taurus  and  Ovis  Aries, — The  gross  anatomy  of  the 
hsemolymph  glands  of  the  sheep  and  ox  need  only  be  described 
briefly.  For  further  particulars  the  reader  is  referred  to  the 
descriptions  already  published  by  Eobertson  and  by  Vincent 
and  Harrison. 

In  the  sheep,  the  hsemolymph  glands  are  very  conspicuous 
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objects,  appearing  like  little  clots  of  blood  amongst  the  surroaud- 
ing  fat.  They  are  found  chiefly  in  the  subvertebral  region,  and 
are  most  numerous  in  the  abdomen,  but  are  by  no  means  scarce 
in  the  thoracic  and  cervical  regions.  In  the  cervical  region  they 
have  been  mistaken  for  parathyroid  glands.  In  the  thorax  they 
are  found  chiefly  in  the  posterior  and  in  the  middle  medias* 
tinum,  and  in  the  connective  tissue  at  the  root  of  the  lungs. 
In  the  abdomen  and  pelvis  they  abound  in  the  prevertebral 
fat,  and  may  extend  for  some  distance  into  the  mesentery,  but 
not  so  far  as  the  bowel.  They  appear  to  be  absent  from  the 
appendices  epiploicse.  They  always  have  tolerably  large  vessels 
passing  to  them. 

The  size  of  the  glands  varies  considerably.  In  the  sheep 
they  are  rarely  larger  than  a  small  pea;  in  the  ox  they  are 
frequently  about  as  large  as  a  broad  bean.  They  are  usually 
oval  in  form,  and  their  greatest  diameter  varies  from  about 
2  mm.  to  about  2  cm.  Their  number  has  been  estimated  by 
Robertson  to  be  between  three  hundred  and  four  hundred  in 
the  sheep.  They  are  not  diflBcult  to  find.  On  the  contrary, 
their  red  colour,  and  their  position,  embedded  in  the  white 
fat  of  the  subvertebral  region,  render  them  very  conspicuous, 
and  one  is  not  surprised  to  find  that  they  are  well  known  to 
butchers  and  meat  inspectors,  although  they  have  attracted  so 
little  attention  from  histologists.  The  smaller  glands  might 
readily  be  mistaken  for  drops  of  blood  amongst  the  fat,  a  mistake 
which  might  be  apparently  confirmed  if  too  rough  an  attempt 
were  made  to  remove  a  gland,  as  the  thin  capsule  readily 
ruptures,  allowing  a  drop  of  blood  to  escape.  Some  of  the 
smaller  glands,  indeed,  have  the  appearance  of  being  simply 
thin- walled  sacs  containing  a  drop  of  blood.  The  larger  glands, 
on  the  other  hand,  might  be  taken  for  congested  lymphatic 
glands,  but  it  can  readily  be  made  out  that  they  contain  a  much 
larger  amount  of  blood  than  congested  lymphatic  glands  would 
do,  and  that  this  drops  from  them  when  they  are  cut  across. 
Indeed,  in  a  large  gland  it  can  be  made  out  by  the  naked-eye 
examination  alone  that  under  the  capsule  of  the  gland  there  is 
a  sinus  filled  with  blood,  and  that  other  similar  sinuses  are 
present  in  the  interior  of  the  gland.  The  gland  has,  like  a 
lymphatic  gland,  a  hilus  into  which  vessels  enter. 
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It  has  not  yet  been  determined  when  hsemolymph  glands 
appear  in  the  foetus,  but  in  a  foetal  calf  measuring  9  inches  in 
length  there  were  found  in  the  connective  tissue  In  front  of  the 
spine  a  number  of  minute  red  dots  which,  on  microscopic 
examination,  proved  to  be  unmistakable  hsemoljmph  glands. 
These  are  described  in  a  later  section. 

(i.)  Cants  familiaris, — ^Yincent  and  Harrison  failed  to  find  any 
typical  haemolymph  glands  in  the  dog,  but  describe  lobulated 
structures,  partly  red  and  partly  pale  yellow  in  colour,  which  in 
section  resembled  lymphatic  glands  in  structure,  except  that 
here  and  there  the  peripheral  sinus  contained  red  blood  cx)r- 
puscles,  in  some  cases  abundantly.  This  distinction  is  obviously 
an  important  one.  We  have  had  little  difficulty  in  finding  in 
most  of  the  specimens  of  the  dog  examined,  in  addition  to  such 
glands  as  the  above,  others  which  contained  not  only  a  peripheral, 
bat  large  central  blood-containing  sinuses.  These  glands  often 
closely  resembled  lymphatic  glands  to  the  naked  eye,  indeed,  in 
many  instances  were  almost  indistinguishable  from  them,  but 
differed  from  them  greatly  in  their  minute  structure;  and 
although  they  differed  also  from  the  haemolymph  glands  of  the 
sheep,  they  may  quite  as  well  be  considered  'typical'  as  the 
latter.  Being  so  easily  mistaken  for  ordinary  lymphatic  glands, 
they  require  to  be  carefully  searched  for.  They  can  often  be 
distinguished  by  the  presence  of  irregular  patches  of  rosy  or  red 
colour  on  the  surface.  They  are  to  be  found  in  the  prevertebral 
fat  of  the  abdomen  and  pelvis,  and  in  the  neighbourhood  of  the 
renal  artery.  They  can  frequently  be  found  at  the  brim  of  the 
pelvis  in  the  fat  just  behind  the  common  iliac  artery,  and  in 
some  instances  a  chain  of  similar  glands  can  be  found  in  the  fat 
behind  the  aorta,  extending  up  to  the  level  of  the  renal  artery. 
Tlie  glands  at  the  pelvic  brim  are  sometimes  rather  large.  In 
an  old  retriever  they  measured  1-25  cm.  in  their  longest  dia- 
meter.  No  hsemolymph  glands  were  found  outside  the  abdomen. 

In  a  very  fat  pug  dog  examined,  a  few  minute  rusty  spots 
were  found  in  the  prevertebral  fat  when  cut  across.  These  looked 
just  as  if  a  minute  vessel  had  been  divided  and  a  little  blood  had 
oozed  on  to  the  cut  surface.  On  microscopic  examination,  these 
were  found  to  be  minute  hiemolymph  glands  with  very  thin 
capsules,  and   containing  a   large   amount  of   pigment.      The 
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ordinary  haemolymph  glands  were  not  found  in  this  specimen^ 
possibly  owing  to  the  great  amount  of  fat,  which  rendered  the 
search  difficult.  Haemolymph  glands  obtained  from  young 
puppies  had  a  closer  resemblance  to  those  found  in  the  sheep 
than  had  any  of  those  obtained  from  older  animals. 

(c.)  Mm  roUtiis, — In  the  rat  liaemolymph  glands  can  almost 
always  be  found  in  the  form  of  one  or  more,  often  two,  small 
oval  or  lenticular  bodies  at  the  lower  border  of  the  pancreas,  to 
the  left  of  the  middle  line.  These  are  usually  in  apposition. 
They  are  oval  in  outline,  flattened  from  before  backwards,  and 
measure  from  2  to  3  mm.  in  their  longest  diameter.  They  are 
of  a  rusty  colour,  and  sometimes  appear  paler  in  the  centre  than 
at  the  periphery. 

Slightly  to  the  left  of  these,  and  close  to  the  left  kidney,  there 
can  usually  be  found  one  or  two  other  glands,  paler  in  colour,, 
more  spherical  in  form,  and  slightly  irregular  on  the  surface, 
having  in  fact  a  mulberry-like  appearance.  These  two  varieties 
of  gland  can  be  found  with  great  constancy  in  the  situatioiia 
described,  but  one  or  other  may  be  absent.  As  a  rule,  no 
haemolymph  glands  were  found  elsewhere.  Indeed,  the  above 
description  was  found  to  hold  true  for  nine  out  of  ten  rats 
examined  consecutively.  In  the  tenth  no  haemolymph  glands^ 
were  discovered  at  all.  Vincent  and  Harrison  describe  the 
occurrence  of  three  or  four  small  glands  ''  in  the  fat,  in  relation 
to  the  gastro-splenic  omentum." 

4.  Histology. 

The  haemolymph  glands  of  the  sheep  and  ox,  of  the  dog,  and 
of  the  rat  differ  markedly  from  one  another  in  their  minute 
structure,  yet  these  differences  mainly  result  from  the  variable 
prominence  of  certain  structural  features  present  in  all.  It  is 
therefore  possible  and  convenient  to  give  in  the  first  place  a 
general  description  of  the  minute  structure  of  haemolymph 
glands. 

The  simplest  and  smallest  hsemolymph  glands  found  in  the 
adult  consist  simply  of  a  minute  rounded  or  oval  mass  of 
lymphoid  tissue,  surrounded  by  a  thin  capsule  of  connective 
tissue,  but  separated  from  it  by  a  narrow  space  or  sinus  in  which 
a  few  red  blood  corpuscles  can  be  seen. 
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In  glands  slightly  larger  than  the  above,  the  lymphoid  tissue 
is  found  not  to  be  perfectly  uniform  in  structure.  Immediately 
under  the  peripheral  sinus  the  lymphoid  tissue  forms  a  very 
ooxnpact  zone,  the  cells  of  which  are  densely  crowded  together 
aod  stain  deeply.  In  the  case  of  the  sheep  and  of  the  dog  a 
circle  of  germ-centres  may  be  present  in  this  zone,  and  in  lai^e 
glands  from  the  ox  a  double  circle  of  germ  centres  may  be 
present.  When  the  germ-centres  reach  some  size,  the  cells  at 
their  periphery  stain  very  deeply,  so  as  to  form  a  dark-coloured 
ring  round  the  centre,  the  cells  of  which  stain  very  slightly,  and 
in  some  specimens  hardly  at  all.  Numerous  mitotic  figures 
can  usually  be  seen  in  the  germ-centres.  The  lymphoid  tissue 
ill  the  centre  of  the  gland  is  less  compact  and  stains  less  deeply 
than  the  peripheral  portion.  It  is  often  arranged  in  masses  or 
strands  between  which  are  spaces  lined  by  thin  endothelial 
layer,  and  containing,  like  the  peripheral  sinus,  no  blood 
corpuscles.  The  peripheral  sinus,  also,  is  lined  by  an  endothelial 
layer  which  covers  the  lymphoid  mass,  and  is  reflected  over  the 
trabeculae,  which  in  large  specimens  pass  from  the  capsule  into 
the  interior  of  the  gland. 

The  proportional  area  occupied  by  the  blood  sinuses  varies 
greatly.  In  some  specimens  the  lymphoid  tissue  is  nearly  as 
abundant  as  in  an  ordinary  lymphatic  gland.  In  others,  and 
especially  in  specimens  from  the  sheep  and  ox,  the  gland  may 
consist  practically  of  an  aggregation  of  blood  sinuses,  with  here 
and  there  a  small  islet  of  lymphoid  tissue. 


The  Connective  Tissue. 

The  capsule  of  the  gland  is  composed  of  white  fibrous  tissue, 
and  yellow  elastic  fibres  and  non-striped  muscle  may  also  be 
present.  It  varies  very  greatly  in  thickness.  In  lambs  it  is 
often  remarkably  thin.  In  the  ox  it  may  be  very  thick,  the 
fibres  being  loosely  arranged,  and  containing  between  them 
irregular  spaces  which  are  filled  with  blood.  Near  the  peri- 
pheral sinus  these  spaces  become  larger,  and  the  connective 
tissue  less  abundant,  so  that  no  sharp  line  of  demarcation  can  be 
drawn  between  the  capsule  and  the  sinus. 
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From  the  capsule  trabeculse  of  fibrous  tissue  may  pass  into 
the  interior  of  the  gland.  In  some  cases  these  trabeculse  are 
of  large  size,  and  the  arrangement  of  fibrous  tissue  is  practicaUy 
the  same  as  in  an  ordinary  lymphatic  gland.  In  some  instances, 
even  in  large  glauds,  no  definite  trabeculse  are  present  In 
all  instances,  however,  an  adenoid  reticulum  of  fine  fibres 
crosses  the  peripheral  sinus,  and  throughout  the  lymphoid  tissue 
a  close  network  of  fine  connective  tissue  fibres  is  present.  In 
some  specimens  stained  by  Cox's  modification  of  Golgi's  method, 
the  blackening  affected  the  connective  tissue  fibres,  which  were 
found  to  form  a  remarkably  close  f eltwork  both  in  the  sinuses 
and  throughout  the  lymphoid  tissue.  In  sections  stained  in 
this  way,  the  amoimt  of  connective  tissue  was  seen  to  be  very 
much  greater  than  would  be  imagined  from  an  examination  of 
specimens  stained  by  any  of  the  ordinary  methods.  The  thicker 
trabecular  strands  give  off  finer  lateral  strands,  which  divide 
and  subdivide  so  as  to  form  ultimately  a  network  of  exceedingly 
fine  fibrils,  the  meshes  of  which,  as  seen  in  section,  are  scarcely 
lai^er  than  the  individual  lymphocytes  of  the  lymphoid  tissue. 
Where  the  network  is  present  in  the  blood  sinus,  it  must  greatly 
retard  the  circulation  through  it.  The  central  sinuses  are  often 
comparatively  free  from  connective  tissue  strands. 


The  Lymphoid  Tissue. 

The  lymphoid  tissue  varies  very  greatly  in  amount  and  iu 
arrangement,  even  in  the  same  species  of  animal.  In  some 
cases  the  gland  may  be  composed  almost  entirely  of  a  mass  of 
lymphoid  tissue.  In  other  cases  the  section  may  have  the 
appearance  of  a  lake  of  blood,  containing  one  or  two  small 
islands  of  lymphoid  tissue,  which  may  be  moored  to  the  capsule 
by  fine  strands  of  connective  tissue. 

In  some  specimens  the  structure  and  general  arrangement  of 
the  lymphoid  tissue  closely  resembles  that  of  lymphatic  glands. 
Some  such  glands  found  in  the  neighbourhood  of  the  renal 
artery  have  been  described  by  Clarkson  as  a  special  variety,  and 
were  named  by  him  haemal  glands.  There  does  not  seem  to  be 
any  suflScient  reason  for  placing  these  in  a  group  by  them- 
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selves.  The  division  of  the  lymphoid  tissue  into  a  cortical  and 
A  medullary  portion,  and  the  occurrence  of  germ-centres,  has 
already  been  mentioned.  In  the  dog,  germ-centres  are  less 
abundant  than  in  the  sheep  and  ox.  In  the  rat  no  distinct  germ- 
centres  were  seen,  but  the  cortical  portion  of  the  lymphoid 
tissue  often  has  a  crenated  outline  (which  gives  the  gland  a 
lobulated  or  '  mulberry '  appearance  to  the  naked  eye),  with  a 
peripheral  zone  of  lymphocytes  closely  crowded  together. 

Between  the  germ-centres  and  in  the  medullary  portions  of 
the  gland  the  leucocytes  are  less  crowded  together,  and  their 
nuclei  stain  less  deeply  than  do  those  of  the  germ-centres,  or,  at 
any  rate,  of  their  peripheral  zones.  In  the  medulla  the 
lymphoid  tissue  is  usually  arranged  in  strands  or  columns  of 
greater  or  lesser  thickness,  between  which  are  the  central  blood 
sinuses  of  the  organ. 


Thb  Varieties  of  Cells. 

A  considerable  variety  of  cells  enters  into  the  formation  of  the 
glands.  These  have  been  described  by  previous  writers  accord- 
ing to  the  appearances  presented,  but  as  most  of  the  cells  belong 
to  the  leucocyte  class,  it  will  simplify  the  description  and  add  to 
its  clearness  to  make  use  of  the  terms  now  usually  applied  to 
the  ordinary  classes  of  leucocytes.  It  would  be  out  of  place  in 
the  present  paper  to  offer  any  discussion  as  to  the  relation  of 
the  different  varieties  of  leucocytes  to  one  another.  Whether 
leueocytes  can  be  divided  into  fixed  and  definite  varieties,  or 
even  into  haemic  and  coelomic  groups,  as  Kanthack  and  Hardy 
have  tried  to  do,  or  whether,  as  Everard,  GuUand,  Buffer,  and 
others  maintain,  all  varieties  are  to  be  regarded  as  modifications 
of  one  another  (except,  perhaps,  in  their  most  specialised  forms), 
may  be  left  an  open  question.  For  our  present  purpose  the 
lymphocyte  may  be  considered  as  representing  the  primitive 
QeH  from  which  all  varieties  of  leucocytes  may  be  derived,  and 
the  large  hyaline  leucocyte,  the  eosinophile,  and  the  coarselyr 
granular  basophile  as  representing  the  terminal  results  of  these 
streams  of  development,  the  cells  of  which  cease  to  be  inter- 
changeable at  some  at  present  undetermined  point. 
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(a.)  Lymphocytes. — ^These  are  by  far  the  most  numerouB  cells 
in  the  lymphoid  tissue.    They  are  small  cells,  spherical  or  nearly 
spherical  iu  form.   Their  protoplasm  is  scanty,  forming  as  a  rule 
a  very  thin  layer  surrounding  the  nucleus.    The  nucleus  is  round 
or  somewhat  oval  in  outline,  and  contains  a  chromatin  network, 
iu  which  the  chromatin  is  aggregated  into  nodules,  so  as  to  give 
the  nucleus  a  granular  appearance.     In  many  cases  one,  two, 
or  even  three  of  these  nodules  may  be  of  comparatively  large, 
size,  in  which  case  they  have  the  appearance  of  nucleoli,  espe- 
cially as  the  network  cannot  always  be  distinctly  made  out 
These  cells  are  extremely  numerous,  especially  at  the  peripheiy 
of  the  germ-centres,  where,  on  account  of  the  deepness  with 
which  their  nuclei  stain,  they  may  form  a  dark  ring,  in  striking 
contrast  to  the  pale  central  portion  whose  cells  may  stain  very 
lightly.    In  other  cases  all  the  cells  stain  deeply.    Perhaps  the 
most  striking  feature  of  these  collections  of  lymphocytes  is  the 
very  close  resemblance  of  the  cells  to  one  another  in  size,  form, 
and  appearance.    But  one  has  o6\y  to  pass  slightly  away  from 
one  of  the  germ -centres  and  examine  one  of  the  thinner  strands 
of  lymphoid  tissue,  usually  close  at  hand,  to  find  a  greater 
variety  in  the  appearance  of  the  cells.    Tjrpical  lymphocytes  are 
present  in  abundance,  but  among  them  are  numerous  cells  which 
dififer  from  them  only  in  the  fact  that  their  protoplasm  is  more 
abundant.    In  others,  again,  the  nucleus  is  also  larger,  so  that 
the  cell  looks  like  a  very  large  lymphocyte.    These  cells  also 
vary  more  in  shape.     In  the  adjacent  sinus  these  cells  and 
lymphocytes  are  also  present,  and  all  gradations  may  be  found 
between  them  and  hyaline  leucocytes. 

(b.)  The  Hyaline  Cells, — Hyaline  cells  may  be  present  in  great 
abundance  in  the  sinuses,  especially  in  the  glands  of  the  dog 
and  the  rat  They  are  larger,  usually  very  much  larger,  than 
the  lymphocytes,  and  are  especially  characterised  by  the  lai^ 
size  of  the  cell-body,  whose  diameter  may  be  six  or  eight  times 
as  great  as  that  of  the  lymphocyte.  Although  some  authoiitieft 
regard  it  as  very  probable  that  some  hyaline  cells,  at  any  rate, 
are  derived  not  from  lymphocytes,  but  from  the  epithelial  cells 
lining  the  lymph  and  blood  channels,  there  is  nottiing  in  the 
appearances  seen  in  the  hsemolymph  glands  to  support  this 
view.     All  transitions  can  readily  be  discovered  between  the 


STBUCTURE  AND  FUNCTIONS  OF   HiEMOLYMPH   GLANDS.        207 

hyaline  cells  and  the  lymphocytes,  and  the  latter  may  be  re- 
garded as  the  sole  source  of  the  former. 

The  nucleus  of  the  hyaline  cell  is  usually  round  or  oval ;  it 
may  be  slightly  curved,  or  even  horseshoe-shaped.  Its  structure 
is  the  same  as  that  of  the  lymphocyte,  but  the  meshes  of  the 
chromatin  network  are  wider,  and  the  network  more  distinct. 
The  body  of  the  cell  is  composed  of  clear  protoplasm,  and  as 
the  cells  are  amoeboid  and  phagocytic,  their  form  naturally 
varies  greatly. 

Inclusions  of  various  kinds  are  commonly  found  in  the  pro- 
toplasm. The  most  common  of  these  are  red  blood  corpuscles. 
These  can  be  recognised  by  their  shape  and  size,  and  by  the 
fact  that  their  staining  reactions  are  exactly  like  those  of  red 
corpuscles  which  are  free  in  the  sinus.  Many  of  the  hyaline 
cells  contain  several  red  corpuscles  in  their  interior,  and  here 
and  there  can  be  found  a  large  cell  which  contains  twenty  or 
thirty  of  the  red  cells,  and  looks  like  a  small  sac  filled  wit^ 
blood. 

Fragments  of  nuclei  in  various  stages  of  degeneration  are  not 
nncbmmoii  in  the  protoplasm  of  the  hyaline  cells  Pigment  is 
frequently  present,  sometimes  in  the  form  of  minute  granules, 
at  others  of  larger  masses,  which  with  transmitted  light  have  a 
golden  yellow  colour.  In  sections  treated  with  dilute  hydro- 
chloric acid  and  a  solution  of  ferrocyanide  of  potassium,  the 
pigment  changes  to  a  blue  colour. 

Occasionally  hyaline  cells  can  be  seen  undergoing  division  by 
niitosia  These  phagocytic  cells  vary  greatly  in  abundance  in 
different  glands  and  in  different  species  of  animal.  In  the 
sheep  and  ox,  for  example,  the  sinuses  are  invariably  filled 
with  blood,  and  it  is  only  here  and  there  that  one  can  discover  a 
hyaline  cell  with  red  corpuscles  or  pigment  in  its  interior. 
Such  cells,  however,  do  occur,  and  are  much  more  numerous  in 
some  specimens  than  others.  In  the  rat  the  sinuses  may  be 
filled  with  red  blood  corpuscles,  but  in  some  glands  hyaline  cells 
are  very  abundant,  and  may  even  be  the  most  conspicuous  cells 
in  the  section.  Some  of  the  sinuses  may  be  crowded  with  them, 
and  in  some  cases  nearly  all  the  red  corpuscles  visible  are  in  the 
interior  of  these  cell& 
This  condition  of  things  may  exist  to  a  still  more  marked 
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degree  in  the  haemolymph  glauds  of  the  dog.  Here  the  sinuses 
may  be  completely  blocked  by  a  mass  of  large  hyaline  cells^ 
which  are  so  closely  packed  .together  as  to  present  the  appear- 
ance of  a  solid  tissue.  Most  of  these  cells  may  contain  a  num- 
ber of  red  cells  in  their  interior,  while  no  red  cells  are  present 
between  them.  The  sinuses  are  evidently  blocked  by  the  ma» 
of  hyaline  cells.  These  appearances  are  described  more  fully  in 
a  later  section. 

{c.)  AcidophUe  Cells, — Under  this  term  may  be  included  the 
neutrophile  and  amphophile  cells  of  Ehrlich  (finely  granular 
oxyphile),  and  the  eosinophile  (coarsely  granular  oxyphile). 

It  is  unnecessary  to  describe  the  appearances  presented  by 
these  cells  in  detail.  The  finely  granular  oxyphile  cells  are 
relatively  to  other  forms  of  leucocytes  less  abundant  than  they 
are  in  the  blood  of  the  general  circulation.  Their  numbers  vary 
greatly  in  different  specimens.  In  specimens  from  young  animals 
they  may  be  abundant,  and  are  sometimes  found  in  little  groups 
in  the  corner  of  a  sinus,  or  even  in  lymphoid  tissue,  the  cells  of 
which  are  only  loosely  aggregated.  They  are  small  cells,  with 
lobate  nuclei,  subdivided  into  two,  three,  or  more,  and  finely 
granular  protoplasm.  They  are  actively  amoeboid,  and  this  is 
indicated  in  sections  by  the  great  irregularity  of  their  form. 

Eosinophile  cells  are  not  uncommon,  and  in  some  specimens 
are  even  abundant.  They  are  most  frequent  in  the  sinuses,  but 
may  also  be  seen  in  the  interspaces  between  the  connective 
tissue  fibres  of  the  capsule.  I  have  not  noticed  any  undergoing 
mitosis. 

{d.)  Basophile  Cells. — Basophile  cells  are  sometimes  seen.  They 
are  rather  large  cells,  measuring  three  or  four  times  the 
diameter  of  the  lymphocytes,  and  in  sections  stained  with 
methylene  blue  and  eosin  they  may  be  rather  conspicuous. 
They  occur  principally  in  the  sinuses,  and  also  in  the  interstices 
of  the  connective  tissue. 

Compared  to  the  other  varieties  of  cells,  their  number  is 
small.  A  section  through  the  centre  of  a  haemolymph  gland 
from  the  rat  showed  about  thirty  of  them  in  the  peripheral 
sinus.  Others  were  present  in  the  central  sinuses.  Other 
varieties  of  cell  present  were  much  too  numerous  to  count 

(6.)  GiarU  Cells, — Giant  cells  exactly  like  those  which  occur 
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in  bone  marrow  may  be  present  in  hsemolymph  glands.  They 
are,  however,  extremely  rare.  I  have  found  them  in  the  calf, 
in  the  rat,  and  in  the  dog  (puppy),  but  have  not  seen  more  than 
half  a  dozen  altogether  in  many  hundreds  of  sections. 


The  Circulation. 

Most  information  as  regards  the  circulation  through  the 
gland  has  been  gained  by  the  examination  of  serial  sections 
through  entire  glands.  Two  dogs  were  carefully  injected,  but 
after  injection  it  was  impossible  to  distinguish  the  hsemolymph 
glands  from  lymphatic  glands,  and  no  good  specimens  were 
obtained.  Nevertheless,  in  the  normal  gland  the  blood  filling 
the  blood  channels  forms  a  natural  injection  whereby  the  main 
features  of  the  circulation  can  be  traced.  The  course  of  the 
circulation  varies  considerably  in  detail  in  different  specimens ; 
consequently  only  a  very  general  description  can  be  given. 
The  following  is  a  description  of  the  course  of  the  circulation 
through  a  sheep's  gland: — 

A  fairly  large  artery  passes  to  the  hi]  us  of  the  gland  and,  as 
it  enters,  divides  into  several  branches.  These  pass  into  the 
gland  along  with  the  connective  tissue,  which  also  passes  in 
at  the  hilus,  and  very  rapidly  subdivides  into  smaller  and 
smaller  branches,  so  that,  a  short  distance  from  the  hilus,  only 
very  minute  vessels  can  be  seen.  These  are  still  in  the  con- 
nective tissue  of  the  gland.  Ultimately  these  vessels  end  in 
dilated  capillary  spaces,  which  communicate  with  the  general 
sinus  system  of  the  gland.  All  the  sinuses  communicate 
freely  together.  Ultimately  the  blood  is  collected  in  two  or 
more  very  thin-walled  venous  channels,  which  unite  in  the 
centre  of  the  gland  to  form  a  larger  vein,  which  passes  out  at 
the  hilus.  The  circulation  through  the  gland  must  be  extremely 
slow,  for  not  only  is  the  area  occupied  by  the  sinuses  enor- 
mously larger  in  all  dimensions  than  the  sectional  area  of  the 
arteries  entering  the  gland,  but  the  sinuses  are  themselves,  for 
the  most  part,  traversed  by  an  extremely  close  feltwork  of  fine 
connective  tissue  fibres.  Some  of  the  central  sinuses,  however, 
may  contain  very  little  connective  tissue.    The  germ-centres 
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are  traversed  only  by  small  capillary  spaces,  which  can  only  be 
made  out  in  sections  when  they  contain  blood.  The  blood 
entering  the  gland  seems,  therefore,  for  the  most  part,  to  be 
conveyed  rapidly  to  the  peripheral  portions  of  the  gland,  from 
which  it  percolates  slowly  through  the  system  of  sinuses  to  the 
centre  of  the  gland,  there  to  be  collected  by  venous  channels 
arising  directly  from  the  sinuses. 

In  the  rat  the  arrangement  of  the  arteries  is  somewhat 
different.  The  arteries  penetrate  more  deeply  into  the  gland, 
and  many  of  them  leave  the  connective  tissue  and  pass  into  the 
lymphoid  tissue,  so  that  one  often  finds  a  section  of  an  artery 
in  the  centre  of  a  rounded  mass  of  lymphoid  tissue,  reminding 
one  of  the  appearance  seen  in  the  splenic  corpuscles. 

In  the  dog  the  most  noticeable  feature  of  the  circulation  is  the 
number  and  large  size  of  the  arteries  which  enter  and  pass  to 
all  parts  of  the  gland.  The  arteries  may  enter  not  only  at  the 
hilus,  but  through  other  parts  of  the  capsule.  In  old  dog? 
especially  they  have  remarkably  thick  coats,  so  that  they  appear 
very  conspicuous  in  sections ;  but  even  in  the  case  of  puppies 
only  a  few  days  old  the  number  of  distinct  arteries  passing  deeply 
into  the  glands  is  a  very  noticeable  feature.  They  are  usually 
surrounded  by  a  small  amount  of  connective  tissue,  but  may 
pass  into  the  lymphoid  tissue.  In  specimens  obtained  from 
puppies  the  sinuses  were  comparatively  large,  and  in  some  cases 
were  filled  with  blood,  as  is  usual  in  the  case  of  the  sheep.  In 
other  specimens,  hyaline  cells  were  very  abundant  among  the 
red  cells.  In  others,  again,  the  hyaline  cells  were  so  numerous 
that  they  had  become  closely  packed,  and  were  polygonal  in 
outline,  and  completely  filled  many  of  the  sinuses.  Neverthe- 
less, in  most  cases  numerous  minute  capillary  spaces,  containing 
red  corpuscles,  were  present  between  the  hyaline  cells,  and 
bounded  directly  by  them.  A  similar  condition  has  already 
been  described  as  occurring  in  the  sinuses  of  older  dogs ;  but  in 
the  case  of  the  youngest  puppies  examined  the  above  condition 
was  present  without  there  being  any  evidence  of  phagocytic 
action  on  the  part  of  the  hyaline  cells.  That  is  to  say,  the 
hyaline  cells  contained  no  inclusions,  whether  of  red  blood 
corpuscles  or  of  pigment.  In  other  parts  of  the  same  sections, 
however,  hyaline  cells  containing  red  corpuscles  were  present 


STKUCTURE   AND   FUNCTIONS  OF  HiEMOLYMPH   GLANDS.       211 


Dkvklopmknt. 

No  description  has  as  yet  been  given  of  the  development  of 
haemolymph  glands.    Vincent  and  Harrison  express  the  opinion 
that  they  are  probably  developed  from  ordinary   lymphatic 
glands.     It  is  certainly  the  case  that  hsemolymph  glands  can 
be  found  which  differ  but   little  from  lymphatic  glands  in 
structure.    But  while  it  is  possible  that,  in  some  instances,  they 
may  be  developed  from  them,  there  is  no  proof  that  this  really 
<)cciU8,  and  it  s6ems  more  probable  that  they  are  separate 
structures  from   the  first.     This  view  is  supported    by  the 
foflowing  considerations : — In  the  first  place,  their  distribution 
does  not  in  any  respect  correspond  to  that  of  lymphatic  glands. 
There  are  numerous  situations  where  lymphatic  glands  are 
invariably  abundant  where  hsemolymph  glands  have  never  been 
discovered.     Then,  again,   the    hsemolymph    glands    have,  as 
already  descril^ed,  a  comparatively  restricted  distribution   of 
their  own,  and  although  in  species  where  these  glands  are  very 
nnmerous  this  can  only  be  described  in  general  t^rms,  in 
animals  where  they  are  present  in  small  numbers,  as  in  the 
casd  of  the  rat,  it  can  be  made  out  that  their  distribution  is 
very  constant.     Lastly,  at  a  comparatively  early  stage  in  the 
development  of  the  lymphatic  structures  in  the  embryo,  the 
h^molymph    glands  are  quite    readily    distinguishable    from 
ordinary  lymph  glands,  even  to  the  naked  eye.    These  considera- 
tions—although it  may  be  admitted  that  they  are  not   quite 
conclusive — ^Beem  all  to  point  in  the  same  direction,  namely,  to 
the  conclusion   that    hsemolymph  glands    are    structures  sui 
gtMris,  and  not  simply  local  modifications  of  lymphatic  glands. 
Nevertheless,  the  earliest  stages  in   the  development  of  the 
hsemolymph  glands  may,  and  probably  do,  run  parallel  to  those 
of  the  true  lymphatic  glands. 

The  lymphatic  system  arises  in  the  embryo  from  spaces 
between  the  cells  of  the  general  parenchyma  of  the  body. 
These  give  rise  in  time  to  a  definite  system  of  vessels.  The 
lymphatic  glands  arise  from  lymphatic  plexuses,  which  may 
be  found  characteristically  at  the  flexures  of  the  joints,  and  are 
recognisable  before  they  contain  any  leucocytes.      The  first 
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leucocytes  to  appear  in  the  blood  of  the  embryo  are  of  the 
wandering  variety.    These  tend  to  leave  the  blood  capillaries 
in  the  neighbourhood  of  the  lymphatic  plexuses,  in  the  meshea 
of   which  they  are  caught.      Here   they  greatly  increase  id 
numbers,  partly  by  continued  emigration  from  the  blood-vessels^ 
and  partly  by  undergoing  cell  division.    In  this  way  the  adenoid 
tissue  of  the  gland  is  formed.    Whatever  be  the  early  history 
of  haemolymph  glands,  beyond  this  stage  they  are  quite  distinct 
from  lymphatic  glands.    In  a  foetal  calf,  which  measured  about 
nine  inches  from  the  nose  to  the  root  of  the  tail,  a  number 
of  hsemolymph  glands  were   discovered  at  different  stages  of 
development.    Through  the  peritoneum  covering  the  posterior 
abdominal  wall,  several  minute  red  spots  were  seen,  the  laigest 
of  which  measured  from  -5  to  '75  mm.  in  diameter.      Ordinary 
lymphatic  glands,  for  the  most  part  larger  than  the  above,  wer& 
quite  common.    Some  of  these  little  red  bodies  were  found  on 
microscopical  examination  to  be  quite  well-formed  hsemolymph 
glands.      Each  of  them  had  a  thin  connective  tissue  capsule, 
a  reticulum  of  fibrous  tissue  with  leucocytes  in  the  meshes,  and 
numerous  red  corpuscles  in  capillaries  and  irregular  space&  In  the 
smaller  and  simpler  glands  the  leucocytes  were  not  so  numerous, 
that  is,  not  so  closely  packed,  as  in  ordinary  lymphoid  tissue,  so 
that  the  fibrous  stroma  could  be  distinctly  seen.     Throughout 
the  whole  gland  red  corpuscles  were  very  numerous,  in  some 
specimens  much  more  numerous  than  the  white  cells,  and  were 
contained  either  in  definite  capillaries  or  in  irregular  spaces 
between  the  leucocytes.     In  some  of  the  glands  the  red  cor- 
puscles formed  a  distinct  layer  just  under  the  capsule,  round 
whole  or  part  of  the  circumference  of  the  gland,  thus  giving  rise 
to  a  rudimentary  peripheral  sinus,  and  in  such  cases  it  could 
sometimes  be  noticed  that  in  the  back  of  the  gland  furthest 
from  the  hilus,  the  leucocytes  were  becoming  more  densely 
packed,  while  the  spaces  containing  red  corpuscles  were  less 
abundant  than  in  the  simpler  (earlier)  stages  just  described, 
or  than  they  still  were  in  the  centre  and  near  the  bilus  of  the 
gland. 

In  two  puppies  examined  at  the  age  of  three  days,  haemolyniph 
glands  were  readily  found  at  the  brim  of  the  pelvis.  In  some  of 
these  the  sinuses  occupied  a  relatively  larger  proportion  of  the 
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gland  (roughly  speaking,  rather  more  than  half  of  the  sectional 
area)  than  is  usual  in  adult  dogs.  In  their  structure  these 
glands  closely  resembled  those  found  in  older  dogs,  the  principal 
difference  being  that  pigment  was  almost  entirely  absent,  while 
in  old  dogs  it  is  always  exceedingly  abundant.  In  these  glands 
a  number  of  hyaline  leucocytes  were  present  in  the  sinuses,  and 
in  some  were  so  abundant  as  to  fill  some  of  the  sinuses  in  the 
manner  already  described.  Here  and  there  a  hyaline  cell  might 
be  seen  contaiuiug  one  or  two  red  corpuscles  in  its  interior. 
The  vast  majority  of  them,  however,  were  quite  free  from 
inclusions  of  any  kind.  H^molymph  glands  from  a  puppy  nine 
ireeks  old  contained  large  numbers  of  hyaline  cells  with  red 
corpuscles  or  pigment  in  their  interior;  in  some  glands  the 
p^ent  was  in  rounded  irregular  masses,  which  were  so 
abundant  as  in  some  parts  of  the  gland  to  practically  fill  the 
dnuses,  and  to  give  their  sections  of  the  gland  a  rusty  appear- 
ance to  the  naked  eye. 


Charactkristio  Features  of  the  H^.molymph  Glands  of 

Different  Animals. 

To  illustrate  the  manner  in  which  the  hsemolymph  glands 
of  different  species  may  characteristically  differ  from  one 
another,  the  special  features  of  the  glands  in  the  species  here 
considered  may  be  conveniently  set  down  together. 

Slieep  and  Ox. 

Lymphoid-  ti^ssue  usudlly  divided  into  cortical  and  medullary 
portions.  Germ-centres  usually  abundant,  in  one  or  two 
rows. 

Sinuses  well  developed,  peripheral  and  central,  often  occupy- 
ing the  greater  part  of  the  area  of  the  gland ;  filled  with  red 
blood  corpuscles ;  leucocytes  of  the  same  varieties  as  in  normal 
blood  common  in  the  sinuses;  hyaline  leucocytes  containing 
red  corpuscles  or  pigment  often  present,  but  usually  very 
scanty. 

Pigmeni  moderate  in  amount  or  scanty. 

Art€7nes  entering  gland  rapidly  break  up  into  small  vessels. 


214  MB  W.  B.   DRUMMOND. 

Rat, 

Lymphoid  tissue  cortical  and  medullary.  Cortical  portioD 
forms  a  dense  peripheral  zone,  but  distinct  germ-centres  are 
absent. 

Simcses  large,  peripheral  and  central,  sometimes  filled  with 
red  corpuscles,  sometimes  partially  empty ;  hyaline  cells  com- 
mon, sometimes  very  numerous,  and  usually  containing  red 
corpusles  or  pigment. 

Figment  usually  moderate ;  sometimes  abundant,  especially 
in  peripheral  sinus. 

Arteries  pass  deeply  into  the  gland,  and  are  often  surrounded 
by  lymphoid  tissue. 

Dog. 

Lymphoid  tissue  cortical  and  medullary;  germ-centres  common 
in  cortical  zone.  General  arrangement  may  closely  resemble 
that  of  a  lymphatic  gland. 

Sinuses  sometimes  small,  and  may  be  peripheral  only ;  usually 
fairly  large,  peripheral  and  central;  may  be  filled  with  blood: 
more  often  partially  or  completely  occupied  by  large  hyaline 
cells,  which  as  a  rule  contain  many  red  blood  corpusles  or 
pigment. 

Pigmewt^  except  in  the  case  of  very  young  animals,  extremely 
abundant,  even  to  the  extent  of  blocking  some  of  the  sinusea 

Arteries  large  and  very  numerous ;  penetrate  to  all  parts  of 
the  gland ;  usually  surrounded  by  connective  tissue,  but  some- 
times by  lymphoid  tissue. 

Function. 

Haemolymph  glands  are  so  numerous  in  some  animals,  and 
so  constant,  not  only  in  their  presence  but  in  their  general 
arrangement,  in  others,  that  they  are  obviously  of  considerable 
functional  importance.  Their  structure  would  lead  one  to 
suppose  that  they  perform  some  of  the  principal  functions  of 
lymphatic  glands,  and  that  they  have  in  addition  some  function 
with  reference  to  the  red  corpuscles.  The  constant  presence  of 
adenoid  tissue  more  or  less  abundant,  and  the  usual  presence  of 
germ-centres  in  which  cell-division  is  actively  going  on,  indicate 
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that  the  glands  serve  as  active  centres  for  the  manufacture  of 
leucocytes.  It  is  an  obvious  suggestion  that  the  arrangement 
of  the  blood^sinuses  round  about  the  lymphoid  tissue  is  pecu- 
liarly favourable  for  the  rapid  escape  of  leucocytes  into  the 
geneial  circulation.  Although,  for  reasons  already  indicated^ 
the  circulation  through  the  sinuses  is  probably  very  slow,  the 
amount  of  blood  entering  and  leaving  the  gland,  judging  from 
the  size  of  the  arteries  and  veins,  must  be  considerable.  Com- 
parative observations  on  the  blood  entering  and  leaving  the 
glands  under  different  conditions  would  be  of  interest 

The  function  of  the  glands  with  reference  to  the  red  corpuscles- 
is  of  much  interest,  and  on  this  subject  there  is  considerable 
diversity  of  opinion.  W.  F.  Robertson  suggests  with  due  caution 
that  one  function  of  the  glands  is  the  manufacture  of  red  blood 
corpuscles,  and  Clarkson,  in  a  Text-book  of  Histology,  1896,  states 
definitely,  that ''  there  seems  little  reason  to  doubt  that  they  are 
local  centres  for  the  production  of  blood  corpuscles,  both  red 
and  white."  Vincent  and  Harrison,  on  the  other  hand,  hold 
that  the  glands  are  centres  for  the  destruction  of  red 
corpuscles. 

The  theory  that  haemolymph  glands  give  rise  to  red  blood 
corpuscles  has  been  based  on  the  presence  in  them  of  large  cells 
containing  in  their  interior  pale  bodies  which,  in  some  instances » 
stained  with  eosin.  These  have  been  supposed  to  be  red  cor- 
puscles in  process  of  formation.  It  has,  in  fact,  been  supposed 
that  an  intracellular  process  of  red  corpuscle  formation  was 
going  on.  The  occasional  presence  in  the  glands  of  giant  cells 
which  I  have  seen  in  specimens  from  the  sheep,  from  the  rat, 
and  from  the  d(^,  might  be  quoted  in  favour  of  this  view  by 
those  who  believe  that  these  cells  have  something  to  do  with 
the  production  of  erythrocytes.  But  these  cells  are  exceedingly 
lare  in  haemolymph  glands,  having  indeed  hitherto  escaped 
notice;  and  although  they  are  abundant  in  the  bone  marrow 
where  red  corpuscles  are  being  formed,  it  has  not  yet  been 
proved  that  they  have  any  real  connection  with  this  process. 
Koue  of  the  ordinary  stages  of  red  blood  formation,  as  this- 
occurs  in  the  bone  marrow,  have  ever  been  seen  in  hsemolymph 
jglands.  Even  in  specimens  obtained  from  embryos,  I  failed 
to  find  any  nucleated  red  corpuscles,  or  any  cells  resembling. 
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the  nucleated  predecessors  of  the  red  corpuscles  in  the  bone 
marrow. 

Intracellular  formation  of  red  corpuscles  is  a  process  which 
is  described  as  occurring  during  embryonic  life  in  various 
organs,  but  which  is  not  recognised  as  occurring  in  the  adult 
But  the  red-corpuscle-containing  cells  which  led  Robertson  and 
Glarksou  to  their  views  as  to  the  function  of  the  hsemolymph 
glands  are  abimdaut,  sometimes  extraordinarily  abundant,  in 
specimens  from  adult  and  old  animals ;  they  are  comparatively 
scarce  in  young  animals ;  while  in  embryonic  life,  so  far  as  my 
own  observations  on  specimens  obtained  from  fcetal  sheep,  calves, 
and  rate  go,  they  appear  to  be  entirely  absent.  On  the  whole, 
there  appears  to  be  no  evidence  that  the  formation  of  red 
corpuscles  is  one  of  the  functions  of  hsemolymph  glands.  The 
appearances  that  led  Eobertson  and  Clarkson  to  an  opposite 
conclusion  are  capable  of  quite  a  different  interpretation. 

Cells  containing  red  corpuscles  in  their  interior  can  be  found 
occasionally  in  the  case  of  the  sheep  and  bullock,  commonly  in 
the  case  of  the  rat,  and  very  abundantly  in  the  case  of  the  dog. 
These  cells,  as  has  already  been  indicated,  clearly  belong  to  the 
leucocyte  class,  and  my  own  observations  amply  confirm  the 
opinion  expressed  by  Vincent  and  Harrison,  that  they  have 
taken  up  the  red  corpuscles  into  their  interior  by  phagocytosis 
there  to  undergo  disintegration.  The  appearances  seen  are  not 
to  be  explained  on  any  theory  of  intracellular  formation  of  red 
corpuscles. 

Various  phases  of  disintegration  can  readily  be  made  out 
In  the  interior  of  the  phagocytes  the  red  corpuscles  for  a  time 
may  retain  their  normal  appearance  and  staining  reactions. 
Gradually,  however,  they  swell  slightly,  and  lose  their  property 
of  staining  with  eosin,  and  at  last  appear  like  small  vacuoles  in 
the  protoplasm  of  the  phagocyte.  These  are  commonly  clustered 
round  the  nucleus,  the  peripheral  part  of  the  protoplasm  being 
free  from  inclusions.  Soon  after  this  pigment  begins  to  appear 
in  the  peripheral  part  of  the  protoplasm  in  the  form  of  minute 
granules  of  a  golden  yellow  colour.  Whether  the  red  corpuscles 
are  completely  digested,  or  whether  any  'membrane'  is  ex- 
truded from  the  cells,  it  is  difficult  to  say.  Such  extnided 
membranes    are    described    by  Vincent  and   Harrison.      The 
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protoplasm  of  the  phagocyte  gradually  beccmies  loaded  with 
pigment  Many  of  these  cells  are  provided  with  fine  branching 
processes,  and  pigment  may  also  be  present  in  the  interior  of 
these  processes.  Much  of  the  pigment  that  appears  to  be  lying 
free  in  the  sinuses  is,  in  some  specimens  at  any  rate,  really  con- 
tained in  such  cell  processes,  which,  however,  may  be  very 
difficult  to  make  out.  The  pigment  thus  deposited  in  fine 
granules  appears,  when  it  becomes  very  abundant,  to  run 
together  as  it  were  into  large,  irregular,  homogeneous  masses, 
which  may  almost  entirely  fill  the  protoplasm  of  the  cell. 
Such  masses  of  pigment,  either  contained  in  cells  or  free,  may 
become  so  abundant  as  almost  to  block  up  some  of  the  sinuses. 
Such  sections  present  a  very  extraordinary  appearance  under 
the  microscope,  and  even  to  the  naked  eye  these  parts  of  the 
section  which  correspond  to  the  sinuses  may  have  a  distinct 
brownish-yellow  tint.  In  some  sections  there  are  appearances 
that  suggest  that  these  masses  of  pigment  may  ultimately  break 
down  into  excessively  fine  particles — particles  which  are  in- 
dividually scarcely  visible  under  a  ^  inch  immersion  lens^^ 
and  that  these  may  possibly  be  carried  away  from  the  gland. 

Some  facts  in  the  structure  of  hsemolymph  glands — in  the 
case  at  any  rate  of  the  dog — seem  to  indicate  that  their 
function  may  be  a  cyclical  one.  This  at  any  rate  seems  the 
most  probable  explanation  of  tihie  fact  that,  in  all  parts  of  a 
single  gland,  the  process  of  blood  destruction  may  be  at  praoti-* 
calif  the  same  stage.  This  statement  must  not  be  taken  too 
rigidly.  It  is  certainly  true  that  one  can  often  easily  n^ake  out 
divers  phases  of  blood  destruction  in  a  single  section,  even  side 
by  side  in  a  single  sinus.  In  rare  cases  one  con  even  imaker 
out  blood  corpuscles  in  different  stages  of  disintegraition  within 
a  single  phagocyte.  Still  the  fact  remains  that,  on  examining  a 
section  from  a  gland  in  which  blood  destruction  is  going  ou 
actively,  one  may  find  thousands  of  phagocytes  present,  and  in 
a  very  large  percentage  of  these  some  particular  phase  of  corpuscle 
destruction  will  be  present.  For  example,  in  a  particular  speci- 
men one  may  find  that  the  sinuses  are  filled  with  red  corpuscles, 
amongst  which  are  a  considerable  number  of  leucocytes,  but  care- 
ful search  may  fail  to  reveal  a  single  cell  with  red  corpuscles 
in  its  protoplasm.     In  another  gland  hyajine  cells  may  be  quite 
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numerous  in  the  blood  sinusos,  and  yet  few  or  none  of  ttiese  may 
contain  inclusions  of  any  kind.    Again,  in  another  gland,  the 
sinuses  may  be  literally  packed  with  large  hyaline  cells,  prac- 
tically all  of  which  contain  red  corpuscles  at  about  the  same 
stage  of  disintegration.    Again,  in  specimens  where  pigment  is 
abuudaut,  all  the  pigment  may  be  in  the  form  of  small  granules, 
or,  on  the  other  hand,  the  bulk  of  it  may  be  in  the  form  of 
the  large  irregular  masses  already  described.    These  facts  seem 
to  indicate  a  cyclical  function  on  the  part  of  the  glands — on  the 
part,  that  is,  of  the  individual  glanda     And  this  can  hardly  be 
explained  as  due  to  any  general  condition,  seeing  that  different 
phases  may  be  predominant  in  one  animal  in  different  glands 
found  almost  side  by  side.    A  partial  explanation  of  these 
appearances  may  perhaps   be  found  in  a  simple   mechanical 
hypothesis.     In  certain  haemolymph  glands  there  may  be  no 
sign  of  blood  destruction  going  on  at  all.    In  others  the  process 
is  found  to  be  going  on  apparently  with  extraordinary  energy  in 
all  the  sinuses  of  the  gland.     What  starts  the  process  we. do 
not  know.     But  we  may  suppose  that  when  once  started  the 
number  of  hyaline  cells  in  the  sinuses  increases  rapidly,  and  at 
the  same  time  the  individual  hyaline  cells  attack  and  engulph 
the  red  corpuscles  which   are  abundantly  present.     By  this 
double  process  of  increase  in  the  number  of  hyaline  cells,  and 
increase  in  their  individual  size,  the  sinuses  soon  come  to  be 
completely  blocked  by  them.     Circulation  through  the  sinuses 
is  now  at  a  standstill,  or  at  any  rate  confined  to  a  few  minute 
capillary  channels   between   the  opposed  hyaline   cells.    The 
process  of  phagocytosis  is  also  practically  at  a  standstill,  because 
nearly  all  the  red  corpuscles  in  the  sinuses  have  already  been 
engulphed  in  the  protoplasm  of  the  phagocytes.     If  this  process 
takes  place  with  some  degree  of  rapidity,  one  can  understand 
how  it  is  that  we  sometimes  find  a  gland  containing  thousands 
of  phagocytic  cells  in  every  section,  every  one  of  these  containing 
apparently  unaltered  red  blood  corpuscles.    And  having  got  so 
far,  we  can  also  understand  that  the  different  phases  in  the 
disintegration  of  the  red  corpuscles,  having  begun  together,  will 
run  a  parallel  course. 

Attention  has  been  directed  to  the  differences  which  exist 
between  the  haemolymph  glands  of  the  various  species  examined. 
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These  seem  to  be  maiuly  due  to  the  diffef ence  in  the  activity 
with  which  the  process  of  blood  destruction  is  going  on  in  the 
individual  glands — at  a  minimum  in  those  of  the  sheep  and  ox, 
at  a  maximum  in  those  of  the  dog.  And  it  may  be  suggested 
that  this  difference  is  associated  with  the  number  of  haemolymph 
glauds  present  in  the  different  species — numbered  by  hundreds 
in  the  sheep  and  ox,  by  units  in  the  rat  and  d(^. 

Another  important  point  of  difference  is  found  in  the  remark- 
able development  of   the  arterial  system  in   the  hsemolymph 
glands  of  the  dog.     In  a  section  from  a  gland  only  oue*fourth 
of  an  inch  in  diameter,  I  have  counted  under  a  low  power  of  the 
microscope  over  two  dozen  distinct  arteries  penetrating  to  all 
parts  of  the  gland.     In  a  similar  section  from  a  gland  from  the 
sheep,  oue  would  see  only  two  or  three  small  arteries  near  the 
hilus  of  the  gland.    Can  any  explanation  of  this  fact  be  offered  ? 
Possibly  the  explanation  may  be  found  in  the  facts  already  noted 
concerning  the  extraordinary  multiplication  of  phagocytic  cells 
daring  the  process  of  blood  destruction.    These  cells  increase  in 
numbers  and  size  until  they  almost  block  the  sinuses  of  the 
gland,  and  it  may  be  that  the  great  development  of  the  arterial 
system  is  associated  with  the  difficulty  under  such  circumstances 
of  maintaining  the  circulation  through  the  gland.     It  is  interest- 
ing to  note  that  in  the  case  of  the  rat,  whei-e  the  process  of 
blood  destruction  may  be  much  more  active  than  in  the  case  of 
the  sheep,  but  less  active  than  in  the  dog,  the  arteries  peue- 
trate  deeply  into  the  gland,  but  are  not  developed  to  such  a 
degree  as  are  those  of  the  dog. 


Summary. 

Hffimolymph  glands,  while  obviously  closely  related  in  their 
general  structure  to  ordinary  lymphatic  glands,  are  not  to  be 
regarded  as  modifications  of  these,  but  as  structures  sui  generis, 
differing  from  them  as  they  do  in  their  mode  of  development,  in 
their  distribution  in  the  body,  and  in  many  details  in  their 
minute  anatomy.  Amongst  these  differences,  the  chief  are  tlie 
(usually)  comparatively  large  size  of  the  sinuses,  the  constant 
presence  of  blood  in  the  sinuses,  the  frequent  presence,  som^ 
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times  in  very  large  numbers,  of  large  hyaline  cells  contaimng 
red  corpuscles  or  pigment  in  their  protoplasm. 

There  is  no  sufficient  evidence  that  hsemoljroph  glands  play 
any  part  in  the  formation  of  red  blood  corpuscles. 

On  the  contrary,  they  appear  to  play  a  very  active  part  in  the 
destruction  of  red  corpuscles  and  in  the  liberation  of  pigment. 
Pigment  is  frequently  present  in  great  abundance,  even  to  the 
extent  of  blocking  up  some  of  the  sinuses  of  the  gland,  and 
appears  to  be  derived  solely  from  the  destruction  of  red  cor- 
puscles. The  glands  are  also  centres  for  the  formation  of  white 
blood  corpuscles,  and  the  vascular  arrangement  of  the  glands  is 
such  as  to  favour  the  passage  of  white  corpuscles  into  the 
general  circulation. 

In  some  respects  the  structure  of  hsemolymph  glands  agrees 
with  that  of  the  spleen.  For  example,  in  the  occurrence  of  non- 
striped  muscle  in  the  capsule  and  trabeculae,  occasionally  in  the 
occurrence  of  lymphoid  sheaths  around  the  arteries,  and  in  the 
occurrence  of  red  blood  corpuscle  destruction.  The  process  of 
blood  destruction  in  the  hsemolymph  glands  is,  however,  often 
far  more  active  than  is  ever,  so  far  as  the  writer  can  discover, 
found  in  the  spleen.  It  is  very  likely  that  some  of  the  bodies 
described  as  accessory  spleens,  are  really  hsemolymph  glands. 
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EXPLANATION  OF  PLATES   XXXL,   XXXIL 

Fig.  1.  Hsemoljmph  gland  of  puppy  three  days  old,  to  show 
general  arrangement.  Zeiss,  oc.  2,  obj.  A.  C,  capsule  ;  P.S.y  peri- 
pheral sinus;  C.S.,  central  sinuses;  H.C.,  nuclei  of  the  hyaline 
leucocytes,  which  in  this  particular  specimen  were  very  abundant  in 
all  the  sinuses  (see  fig.  4).  Note  the  dense  peripheral  layer  of 
lymphoid  tissue,  and  the  indication,  near  C,  of  the  formation  of  a 
germ  centre. 

Fig.  2.  Haemolymph  gland  of  fodtal  sheep.  Zeiss,  oc.  2,  obj.  D. 
F.Cy  fat  cells  outside  capsule ;  P,S.j  peripheral  sinus ;  S,  ill-defined 
central  sinus;  L.Tl,  lymphoid  tissue;  r.b.d  red  blood  corpuscles. 
The  lymphoid  tissue  is  not  densely  packed  with  leucocytes.  The 
periphend  sinus  is  distinctly  marked  off  from  the  lymphoid  tissue, 
but  the  central  sinuses  are  represented  merely  by  indefinite  spaces 
filled  with  red  corpuscles  among  the  leucocytes  of  the  lymphoid 
tissue.    Leucocytes  are  abundant  in  the  blood  in  the  sinuses. 

Fig.  3.  Haemolymph  gland  of  puppy  three  days  old  (a  different 
specimen  from  fig.  1).  Imm.  ^^  in.  L.jf.,  lymphoid  tissue  (the 
nuclei  of  the  leucocytes  are  represent-ed  diagrammatically) ;  //.C, 
hyaline  cells ;  r.fe.c,  red  blood  corpuscles.  The  section  shows  a 
comparatively  large  number  of  hyaline  cells  in  the  blood  sinus. 

Fig.  4.  A  portion  of  the  section  shown  in  fig.  1,  highly  magnified. 
1mm.  ^  in.  The  sinus  is  almost  completely  filled  with  hyaline  cells. 
Bed  corpuscles  are  scanty. 

Fig.  5.  Hsemolymph  gland  from  an  old  retriever  dog.  I;iim.  ^^  in. 
The  figure  shows  a  portion  of  a  sinus  containing  numerous  hyaline 
celb  (H.C.\  with  red  corpuscles  in  their  interior  (in  the  specimen 
practically  all  of  these  were  stained  deeply  with  eosin),  and 
leucocytes,  r.&.c,  red  blood  corpuscles,  and  G.P.,  granular  pigment 
(intrarcellular). 

Fig.  6.  Hfismolymph  gland  from  an  old  dog.  Imm.  ^  in.  P., 
pigment  masses;  G.P.,  granular  pigment;  other  letters  as  above. 
The  figure  indicates  the  abundance  of  pigment  common  in  specimens 
obtained  from  the  dog.  At  JET.  (7.2  a  hyaline  cell  loaded  with  pigment 
is  seen.  Many  of  the  other  large  masses  of  pi^^ment  correspond  to 
hyaline  cells.  Apparently  the  cells  ultimately  die,  and  the  pigment 
masses  break  down.  In  this  specimen  hyaline  cells  loaded  with 
pigment    were    abundant    throughout  the  section ;    hyaline    cells 
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containing  red  corpuscles  were  very  scanty.     Masses  of  pigment  are 
present  in  the  lymphoid  tissue  as  well  as  in  the  sinuses. 

The  figures  were  all  outlined  by  means  of  the  camera  lucida.   Ouly 
the  nuclei  of  the  lymphocytes  are  represented. 


MICRO-PHOTOGRAPHS.     (Plate  XXXIII.) 

1.  Portion   of  a  sheep's  gland,  showing  the  fibrous  reticulum, 
blackened  (Cox's  modification  of  Golgi's  method).     Zeiss  D. 

2.  Portion  of  heemolymph  gland  of  rat  showing  a  small  artery 
giving  ofiP  a  branch  in  the  midst  of  the  lymphoid  tissue.     Zeiss  D. 
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NOTE  ON  THE  PRESENCE  OF  CILIATED  CELLS  IN  THE 
HUMAN  ADULT  KIDNEY.  By  E.  Wage  Carlier,  M.D., 
B.Sc,  Professor  of  Physiology  in  the  Mason  College^  Bir- 
mingham. 

That  the  cells  lining  the  convoluted  tubules  bear  cilia  in  most 
mammals  has  been  recognised  for  a  considerable  time  by  con- 
tinental writers,  and  has  been  recently  reinvestigated  by  me. 
My  results  will  be  found  published  in  The  Veterinarian,  vol. 
Ixxii.  p.  466.  In  that  paper  I  pointed  out  the  occurrence  of 
ciliated  cells  throughout  the  convoluted  and  spiral  tubules  of 
the  kidney  in  most  of  the  domestic  animals. 

Quite  recently  I  was  fortunate  enough  to  obtain  a  perfectly 
healthy  adult  human  kidney  from  the  post-mortem  room  of 
the  Edinburgh  Boyal  Infirmary,  and  am  now  in  a  position  to 
state  that  the  human  kidney  forms  no  exception  to  the  rule 
that  obtains  in  the  case  of  the  lower  mammals. 

Cilia  have  indeed  been  observed  in  the  human  adult  kidney 
by  Lebedeflf  (1),  Marchand  (2),  Langhans  (3),  Werner  (4),  and 
Odrtel  (5),  who  studied  the  organ  from  a  pathological  point  of 
view,  and  all  of  them  consider  the  ciliated  appearance  to  be 
due  to  some  pathological  change,  and  not  at  all  referable  to  the 
normal  condition. 

Method. — The  kidney,  which  was  quite  fresh  when  obtained,  was 
cut  into  small  pieces  and  placed  in  Mtiller's  fluid  and  spirit  to 
harden.  This  fluid  is  unfortunately  not  a  very  good  fixative,  as 
the  tissues  tend,  if  not  very  carefully  handled,  to  shrink  some- 
what in  the  subsequent  process  of  embedding  in  paraffin. 

Sections  of  the  thickness  of  4  /x  were  cut  on  the  Cambridge 
rocking  microtome,  fixed  to  albumin-coated  slides  after  spread- 
ing on  water,  and  on  removal  of  the  paraffin  with  xylol  and 
alcohol  were  stained  in  Heidenhain's  iron-alum  haematoxylin 
(long  method),  or  in  hsematoxylin,  rubin,  and  orange,  or  in 
methyl-blue  cosine  mixture,  Mann's  formula.  They  were 
examined  with  the  aid  of  a  Leitz  ^  oil  immersion  objective 


SYMMETRICAL  PERFORATIONS  OF  THE  PARIETAL 
BONES:  INCLUDING  AN  ACCOUNT  OF  A  PER- 
FORATED AND  DISTORTED  CRANIUM  FROM  THE 
LIVERPOOL  MUSEUM.  By  A.  M.  Patkrson,  M.D., 
Professor  of  Anatomy;  and  F.  T.  Lovbgrove,  M.RC.S. 
Eiig.,  Bohert  Ges  Fellow  in  Anatomy,  UniversUy  GoUegt. 
Liverpool    (Platbs  XXXVL-XXXIX.) 

The  following  is  an  account  of  three  caaes  of  double  symmet- 
rical perforations  of  the  parietal  bones,  the  most  remarkable 
of  them  in  a  microcephalic  and  distorted  cranium  kindly  sent 
by  Dr  H.  0.  Forbes,  Director  of  the  Liverpool  Museums,  to  the 
Anatomical  Department  of  University  College  for  exaruination. 

L  The  Cranium. 

The  specimen  (PL  XXXVL  and  XXXVIL  figs.  1-4)  consists 
of  cranium  only.  It  is  scaphocephalic  and  microcephalic:  the 
sutures  are  obliterated,  and  in  each  parietal  bone  behind  the 
vertex  is  a  symmetrical  perforation  of  large  size. 

Viewed  from  above  (fig.  1)  the  sutures  are  seen  to  be  obliterated 
(except  the  lambdoidal  suture,  which  is  faintly  indicated  on  the  left 
side).  The  parietal  region  is  symmetrically  vaulted.  In  each  parietal 
bone  at  its  posterior  superior  angle  is  a  large  perforation,  symmetri- 
cally placed,  and  separated  in  the  middle  line  by  a  bridge  of  bone 
without  sutures,  20  mm.  broad  at  the  narrowest  part.  The  left 
perforation  reaches  the  lambdoidal  suture,  which  is  faintly  marked  in 
the  surface  of  the  skull.  It  is  oval  in  outline,  and  measures  4'0  cm. 
an tero- posteriorly  :  3 "2  cm.  from  side  to  side.  The  right  perforation 
18  smaller  and  more  circular,  and  does  not  extend  so  far  forwards  or 
backwards.  It  measures  3*0  cm.  from  before  backwards;  3'2  cm. 
from  side  to  side.  The  margins  of  both  holes  are  bevelled  externally, 
and  (to  a  less  extent^  internally,  and  the  outer  surface  of  each  is 
marked  by  numerous  ai verging  stria tions. 

A  front  view  of  the  cranium  (tig.  2)  shows  the  exaggerated  vault 
of  the  frontal  bone,  temporal  ridges  well  marked,  and  curved  in  such 
a  way  as  to  narrow  the  forehead  to  a  remarkable  degree  (62  mm.) : 
prominent  external  angular  processes,  and  well  marked  but  small 
supra-orUtal  arches.  The  frontal  bone  is  flattened  in  its  lowest  part, 
and  becomes  vaulted  above.     In  its  centre  is  a  prominent  ridge^ 
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tubule  are  dome-shaped  and  of  comparatively  large  size ;  their 
lateral  outlines  are  well  marked,  as  can  be  seen  in  the  figure,  but 
Heidenbain's  rods  are  absent,  the  cytoplasmic  granules  being  qnitd 
irregularly  arranged  throughout  the  cell,  though  joined  together 
by  fine  threads.  The  cilia,  including  the  thin  basal  pieces, 
measure  3'1  /i  in  length.  The  nuclei  are  situated  close  to  the 
basement  membrane. 

The  human  kidney,  therefore,  comes  in  the  series  alongside 
that  of  the  mouse,  as  far  as  regards  the  length  of  the  cilia,  and, 
as  in  the  mouse,  the  cilia  do  not  differ  appreciably  in  length 
in  the  convoluted  and  spiral  tubules^ 
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A  NOTE  ON  THE  THYMUS  GLAND  IN  THE  KOALA 
{PHASCOLARGTUS  CINEREUS).  By  Johnson  Syming- 
TON,  M.D.,  Professor  of  Anatomy,  QiLeens  College,  Bdfasi. 
(Plates  XXXIV.,  XXXV.) 

At  a  meeting  of  the  Anatomical  Society^  held  in  November 

1897,  I  read  a  paper  on  "The  Thymus  Gland  in  the  Mareu- 
pialia,"  and  exhibited  photographs  of  dissections  and  of 
microscopic  sections  of  this  organ.  This  communication  ap- 
peared in  the  Journal  of  Anatomy  and  Physiology  for  January 

1898.  The  main  object  of  my  paper  was  to  show  that  iu 
various  marsupials  two  well-developed  lobes,  having  a  typical 
thymus  structure,  are  situated  in  the  ventral  portion  of  the 
neck,  immediately  beneath  the  skin  and  platysma,  and  superficial 
to  the  sterno-mastoid  muscles  and  the  depressors  of  the  hyoid 
bone.  These  thymus  bodies  had  previously  been  entirely  over- 
looked or  mistaken  for  salivaiy  or  lymphatic  glands.  The 
material  at  my  disposal,  although  fairly  extensive,  did  not 
include  representatives  of  several  groups  of  marsupials,  and,  at 
the  suggestion  of  Professor  G.  B.  Howes,  additional  observations 
on  the  anatomy  of  the  marsupial  thymus  were  made  in  his  labora- 
tory by  Mr  James  Johnstone.  The  results  of  this  investigation 
appeared  in  the  Journal  of  the  Linnean  Society — Zoology, 
vol.  xxvi. 

I  found  the  subcutaneous  cervical  thymus  in  animals  belong- 
ing to  each  of  the  three  families  of  the  diprotodont  division  of 
the  marsupialia,  but  in  none  of  the  poly  pro todonts  that  I 
examined.  Mr  James  Johnstone  confirmed  and  extended  my 
observations,  but  in  two  young  specimens  of  the  koala  his 
results  were  not  such  as  might  have  been  anticipated.  In 
neither  of  these  animals  could  he  find  any  trace  of  a  thymus, 
either  in  the  neck  or  in  the  thorax.  When  working  at  this 
subject  I  had  no  opportunity  of  examining  a  koala,  but  as  this 
animal  is  closely  related  to  the  vulpine  phalauger  and  to  the 
wombat,  in  both  of  which  I  found  the  superficial  cervical 
thymus  well  developed  and  persisting  until  adult  life,  its 
constant  absence  in  the  koala  was  so  improbable  as  to  suggest 
the  propriety  of  further  observations.    Through  the  kindness 
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running  upwards  as  far  as  the  bregma.  The  supraciliarj  ridges  are 
faintly  indicated.  About  25  mm.  from  the  glabella  on  the  left  side 
of  the  middle  line  is  a  small  round  hole  communicating  with  the  left 
frontal  sinus.  It  appears  to  haTe  been  formed  during  life,  as  at- 
tached on  each  side  of  it  is  a  small  irregular  spicule  of  bone. 

A  side  view  (fig.  3)  showe  the  remarkable  expansion  of  the  parietal 
and  occipital  regions  as  compared  with  the  frontal  and  temporal 
regions.  The  slope  of  the  frontal  bone  is  well  marked;  the 
temporal  fossa  is  smaU  and  shallow,  and  the  root  of  the  zygoma  is 
separated  from  the  external  angular  process  of  the  frontal  bone  by  a 
distance  of  only  40  mm.  The  temporal  ridge  is  well  marked  in  front 
and  behind,  but  is  only  faintly  indicated  in  its  middle  third.  On  the 
right  side  the  greater  part  of  the  great  wing  of  the  sphenoid  bone  is 
wanting.  On  both  sides  its  articulations  with  the  frontal  and  the 
squamous  poirtion  of  ike  temporal  bone  are  clearly  indicated.  It 
does  not  appear  to  articulate  with  the  parietal  bone.  The  mastoid 
processes  are  small  and  infantile  in  character ;  and  below  do  not 
reach  to  the  level  of  the  occipital  condyles.  The  digastric  grooves 
are  well  marked. 

From  behind  (fig.  4)  the  vaulted  character  of  the  cranium  is  well 
seen.  The  external  occipital  protuberance  is  prominent.  The  region 
above  it  is  raised  in  an  exaggerated  dome-like  form ;  the  part  below 
it  is  of  large  extent,  flattened,  and  directed  downwards  and  back- 
wards. The  sutures  are  practically  obliterated,  and  the  whole  of  the 
surface  shows  an  erosion  of  the  outer  table  of  the  skull,  particularly 
over  the  upper  portion  on  the  left  side. 

Tfte  inferior  surface  (figs.  7  and  8)  shows  the  femarkably  short  length 
of  the  basi-cranial  axis  of  the  skull,  between  the  foramen  magnum  and 
the  glabella  (97  mm.)  as  compared  with  the  total  length  of  the 
cranium  (178  mm.).  Only  the  cranial  bones  are  present.  The  area 
for  attachment  of  the  facial  bones  is  extremely  small,  corresponding  to 
the  narrow  forehead,  shallow  and  small  temporal  fossae,  and  infantile 
mastoid  processes.  The  occipital  condyles  are  flat,  small,  and  asym- 
metrical, and  their  long  axes  are  more  transverse  than  usual.  The 
foramen  magnum  is  normal  in  size,  but  irregular  and  asymmetrical  in 
shape.  Around  its  margin  posteriorly  between  each  condyle  is  a 
sh'ghtly  elevated  ridge  of  bone.  In  front  of  each  condyle  is  a  similar 
more  prominent  bar  of  bone  ending  anteriorly  in  a  free  knob-like 
extremity,  not  united  to  the  neighbouring  piece.  The  series,  together 
with  the  condyles,  have  a  likeness  to  the  under  surface  of  an  atlas, 
the  anterior  arches  of  which  have  not  joined  together. 

Tfie  interior  of  tJie  cranimn  can  be  examined  by  the  light  aflbrded 
by  the  parietal  perforations.  A  very  remarkable  condition  is  found 
in  the  basal  fosisse.  The  posterior  fossa  is  large  and  capacious. 
It  occupies  more  than  two-thirds  of  the  base  of  the  cranium, 
and  is  covered  by  the  greater  part  of  the  vault.  Tlie  middle 
and  anterior  fossse  are  very  small.  Both  are  perforated  and  ex- 
cavated by  holes  and  depressions  of  various  size,  and  are  sepa- 
rated by  the  lesser  Wings  of  the  sphenoid  bone,  which  are  distorted 
by  the  formation  of  osseous  plates  erected  on  their  upper  surfaces,  so 
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as  to  still  furilier  deepen  and  narrow  the  anterior  fossa.  The  Hi  .  jt 
this  fossa  is  sloped  towards  the  median  line  and  is  convex ;  it  is 
remarkably  deep  over  the  cribriform  plate,  which  is  concave  in  the 
antero-posterior  direction.  The  pituitary  fossa  is  well  marked.  The 
anterior  and  middle  fossae  are  roofed  over  by  the  narrow,  sloping 
frontal  bone,  which  still  more  limits  the  capacity  of  this  part  of  the 
cranium.  All  the  fossae  are  enlarged  at  the  expense  of  the  bones  in 
the  base  of  the  skull.  Both  basi'sphenoid  and  basi-occipital  bones  are 
much  thinner  than  usual.  In  the  posterior  fossa  ah  abnormal  ar- 
rangement of  the  venous  sinuses  was  seen  to  have  existed.  On  the 
left  side  the  lateral  sidcus  is  absent,  except  close  to  the  jugular 
foramen.  Instead,  there  is  a  well  marked  groove  in  the  position  of  the 
occipital  sinus,  extending  from  the  internal  occipital  protuberance  to 
the  fommen  magnum,  and  along  its  margin  to  the  jugular  foramen  of 
the  left  side.  Here  it  is  j(Mned  by  a  deep  groove  half  an  inch  in 
length,  corresponding  to  the  terminal  portion  of  the  lateral  sulcus. 
On  the  right  side  the  lateral  sulcus  has  its  usual  form  and  course. 


Measurements. 

The  measurements  were  difficult  to  obtain,  as  the  oblitera- 
tion of  sutures  left  the  determination  of  the  standard  points 
doubtful. 

Cranial  capacity,  1225  c.c.  (measured  with  mustard  seed). 


Measurements — 

Maximum  length        •  178  mm. 

Ophryo-iniac  length    .  149  mm. 

Ophryo-occipital  length  166  mm. 

Maximam  breadth      .  124  mm. 

Biasterial  breadth       .  105  mm. 
Minimum  frontal  breadth  62  mm. 

Bistephanic  breadth   .  103  mm. 

Biauricular  breadth    .  79  mm. 

Bizygomatic  breadth  .  103  mm. 

Bau-naaal  length   .     .  80  mm. 

Basi-bregmatio  length  .  128  mm. 

Baaion-obelion  length  .  153  mm. 

Basion-lambda  length  .  150  mm. 

Basion-iniac  length     .  66  mm. 

Basion  to  opisthion     .  38  mm. 


Measurements — continued. 
Breadth    of    foramen 

magnum    ....       26  mm. 
Minimum  inter-orbital 

breadth  16  mm. 

2f res— Frontal  .  .  .  112  miu. 
Parietal  ...  80  mm. 
Occipital,  superior  .  .  128  mm. 
Occipital,  inferior  .  .  61  mm. 
Horizontal  cireumfer- 

enoe 456  mm. 

Lidices — 

Cephalic     ....     »  69*66 

Vertical     ....*-  71-91 

Breadth  height    .     .     -  103-225 

Frontal -  60  19 


11.   AND   III.   CaLVARIA  in  THE  PATHOLOGICAL  MuSEUM  OF 

Univkesity  College,  Liverpool. 


Among  the  osteological  series  in  the  Pathological  Aluseum 
we  have  found  two  calvaria,  with  symmetrical  perforations  of 
the  parietal  bones.  There  is  no  history  attached  to  the 
specimens. 
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of  Dr  Glegg  Wilson,  who  sent  me  a  young  koala  from  his 
collection  of  Australian  animals,  I  have  been  able  to  make  a 
dissection  of  another  specimen.  Both  Johnstone's  specimens 
measured  about  20  cm.  from  the  snout  to  the  root  of  the  tail ; 
mine  was  larger,  but  not  full  grown.  It  was  about  30  cm. 
long,  and  its  hairy  covering  was  well  developed.  On  reflecting 
the  skin  of  the  neck  two  thymic  lobes  were  exposed  (PI.  XXXIV.). 
They  were  in  close  contact  with  one  another  in  the  median 
plane,  the  right  lobe  slightly  overlapping  the  left  one.  Each 
lobe  was  about  15  mm.  long,  12  mm.  broad,  and  on  an  average 
nearly  3  mm.  thick.  Anteriorly,  it  touched  and  partly  con- 
cealed the  corresponding  gland.  Its  posterior  border  was  15 
mm.  distant  from  the  manubrium  sterni.  On  microscopic 
examination  the  larger  lobules  showed  a  division  into  cortical 
and  medullary  substance,  and  the  latter  contained  a  number 
of  Hassairs  corpuscles. 

The  thorax  was  opened,  and  a  careful  dissection  made  of  its 
contents  to  discover,  if  possible,  a  thymus,  or  its  remains.  A 
small  quantity  of  fatty-looking  tissue  was  found  in  the  anterior 
mediastinum,  near  the  usual  position  for  a  thoracic  thymus.  It 
was  removed,  embedded  in  paraffin,  and  the  entire  piece  cut  up, 
but  no  trace  of  thymus  tissue  could  be  discovered.  The  mass 
consisted  simply  of  fat  cells  and  ordinary  connective  tissue. 

The  results  obtained  from  the  examination  of  this  animal 
agree  with  those  of  Mr  Johnstone,  so  far  as  the  thoracic  thymus 
is  concerned.  In  none  of  the  three  specimens  examined  could 
it  be  found.     In  all  probability  it  atrophies  at  an  early  period. 

The  superficial  cervical  thymus  was  found  in  my  specimen 
with  the  greatest  ease,  while  in  Johnstone's  two  cases  a  careful 
examination  by  one  familiar  with  its  appearance  in  other 
marsupials  gave  a  negative  result.  Mr  Johnstone,  in  his  paper, 
suggests  that,  as  his  specimens  of  the  koala  were  young,  he 
may  possibly  have  overlooked  the  presence  of  a  small  rudiment 
of  a  thynius,  which  would  have  developed  later  in  life. 

The  rate  of  growth,  and  the  time  of  disappearance  of  the 
thymus,  is  well  known  to  differ  greatly  in  different  animals,  and 
even  in  the  same  animal,  under  varying  conditions.  In  the  case 
of  the  koala,  a  study  of  the  development  and  atrophy  of  the 
thymus  ought  to  yield  interesting  results. 


SYMMETRICAL  PERFORATIONS  OF  THE  PARIETAL 
BONES:  INCLUDING  AN  ACCOUNT  OF  A  PER- 
FORATED AND  DISTORTED  CRANIUM  FROM  THE 
LIVERPOOL  MUSEUM.  By  A.  M.  Paterson,  M.D, 
Professor  of  Anatomy;  and  F.  T.  Lovegrove,  M.RC.S. 
Eiig.,  Robert  Gee  Fellow  in  Anatomy,  University  College, 
Liverpool.    (Platbs-  XXXVI.-XXXIX.) 

The  following  is  an  account  of  three  cases  of  doable  symmet- 
rical  perforations  of  the  parietal  bones,  the  most  remaurkable 
of  them  in  a  microcephalic  and  distorted  cranium  kindly  sent 
by  Dr  H.  0.  Forbes,  Director  of  the  Liverpool  Museums,  to  the 
Anatomical  Department  of  University  College  for  examination. 

I.  The  Cranium. 

The  specimen  (PI.  XXXVI.  and  XXXVIL  figs.  1-4)  consists 
of  cranium  only.  It  is  scaphocephalic  and  microcephalic :  the 
sutures  are  obliterated,  and  in  each  parietal  bone  behind  the 
vertex  is  a  symmetrical  perforation  of  large  size. 

Viewed  from  above  (fig.  1)  the  sutures  are  seen  to  be  obliterated 
(except  the  lambdoidal  suture,  which  is  faintly  indicated  on  the  left 
side).  The  parietal  region  is  symmetrically  vaulted.  In  each  parietal 
bone  at  its  posterior  superior  angle  is  a  large  perforation,  symmetri- 
cally placed,  and  separated  in  the  middle  line  by  a  bridge  of  bone 
without  sutures,  20  mm.  broad  at  the  narrowest  part.  The  left 
perforation  reaches  the  lambdoidal  suture,  which  is  faintly  marked  in 
the  surface  of  the  skulL  It  is  oval  in  outline,  and  measures  4*0  cm. 
antero-posteriorly  :  3 '2  cm.  from  side  to  side.  The  right  perforation 
is  smaller  and  more  circular,  and  does  not  extend  so  far  forwards  or 
backwards.  It  measures  3*0  cm.  from  before  backwards;  3*2  cm. 
from  side  to  side.  The  margins  of  both  holes  are  bevelled  externally, 
and  (to  a  less  extent)  internally,  and  the  outer  surface  of  each  is 
marked  by  numerous  diverging  striations. 

A  front  view  of  the  cranium  (tig.  2)  shows  the  exaggerated  vault 
of  the  frontal  bone,  temporal  ridges  well  marked,  and  curved  in  such 
a  way  as  to  narrow  the  forehead  to  a  remarkable  degree  (62  mm.) : 
prominent  external  angular  processes,  and  well  marked  but  small 
supra-orbital  arches.  The  frontal  bone  is  flattened  in  its  lowest  part, 
and  becomes  vaulted  above.     In  its  centre  is  a  prominent  ridge. 
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No.  306  (PI.  XXXVIII.  fig.  5)  ia  a  calvarium  sawn  off  above  the 
lambda.  The  coronal  suture  is  well  marked,  and  there  is  a  metopic 
suture.  The  sagittal  suture  is  visible,  except  for  about  25  mm.  near  its 
posterior  end.  In  each  parietal  bone  there  is  a  perforation  separated 
acroas  the  middle  line  by  a  bridge  of  bone  19*75  mm.  in  its  narrowest 
part  The  sagittal  suture  is  obliterated  in  relation  to  this  bridge  of  bone, 
which  is  grooved  on  its  under  surface  for  the  superior  longitudinal 
sinus.  Across  the  middle  line,  and  connecting  the  two  perforations, 
is  a  transverse  suture  passing  through  the  thickness  of  the  bone.  The 
perforations  of  the  parietal  bones  are  neither  large  nor  equal  in  size. 
The  right  hole  ia  somewhat  triangular  in  shape,  the  apex  pointing 
outwards.  Il;  measures  17  mm.  transversely,  and  8*5  mm.  from 
before  backwards.  The  left  hole  is  smaller  and  rhomboidal  in  shape ; 
it  measures  11  mm.  from  side  to  side,  and  7  mm.  antero-posteriorly. 
The  margins  of  both  holes  are  bevelled,  and  are  marked  externally 
by  faint  striations.  Internally,  grooves  for  meningeal  vessels  can  be 
traced  to  the  perforations. 

No.  307  (fig.  6)  is  a  similar  calvarium  sawn  through  above  the 
level  of  the  lambdoidal  suture.  The  coronal  suture  is  well  marked, 
and  the  sagittal  suture  is  obliterated  for  25  mm.  in  the  neighbourhood 
of  the  parietal  perforations. 

In  this  specimen  the  parietal  holes  communicate  across  the  middle 
line,  presenting  an  hour-glass  form.  They  are  symmetrical  and  almost 
circular.  The  narrow  interval  between  them  measures  3*75  mm.  from 
before  backwards.  The  lateral  portions  measure  from  before  back- 
wards 16  mm.  on  the  right  side,  17*75  mm.  on  the  left  side,  and  the 
total  transverse  diameter  of  the  two  holes  together  is  (K.  21,  L.  16) 
37  mm.  The  margins  of  the  perforations  are  bevelled  both  externally 
and  internally.  Internally  grooves  corresponding  to  meningeal  vessels 
run  to  the  margin  of  the  holes.  The  longitudinal  sulcus  deviates 
from  the  middle  line  so  as  to  end  in  front  of  the  left  perforation.  It 
begins  again  in  the  middle  line  behind  the  perforations. 

Two  points  of  interest  are  noticeable  in  the  above  specimens : 

(1)  the  distortion  and  microcephaly  of  the  cranium  (L),  and 

(2)  the  presence  of  parietal  perforations. 

(1)  The  microcephalic  character  of  the  skull  is  not  excessive, 
its  capacity  being  1225  c.c.  The  distortion  consists  in  a  greatly 
expanded  vault  superiorly  and  posteriorly,  associated  with 
arrest  of  development  of  the  base'  of  the  cranium,  and  oblitera- 
tion of  the  cranial  sutures.  The  effect  of  closure  of  the  sutures 
is  apparent  not  only  in  the  expansion  of  the  vault  of  the  cranium, 
but  also  in  the  forcing  downwards  of  the  base  of  the  skull  in 
front  of  the  foramen  magnum,  and  the  consequent  deepening 
of  the  basal  fossae.  Associated  characters  are  the  imperfect 
condition   of  the   foramen    magnum ;   the   infantile   condition 
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of  the  mastoid  processes,  and  the  character  of  the  occipital 
condyles. 

In  fig.  7.  the  contour  of  the  cranium  (c)  is  compared  with  the 
contours  r  the  normal  Irish  skull  (a)  and  the  skull  of  the 
microcephalic  idiot  (ft),  as  described  by  Cunningham  and 
Telford  Smith.  The  differences  are  seen  to  be  due  to  the  small 
size  of  the  basi-cranial  axis,  and  the  projection  of  the  vault  of 


Fio.  7. — LiverDool  cranium  (Case  I.)  (c)  com- 
pared with  normal  Irish  cranium  (a) 
and  that  of  a  mlcrocephalio  idiot  (fr),  as 
figured  by  Cunningham  and  Telford 
Smith  (*  ....  *sBaai-cranial  Axis). 


Fio.  8.— Base  of  Liverpool  cranium  (ejoom 
pared  with  the  average  of  two  ooroA'' 
Earopean  crania  {a). 


the  cranium.  In  fig.  8  a  similar  comparison  is  made  of  the 
basal  outline  of  the  cranium  (c)  with  the  average  of  two  normal 
European  crania  (a). 

We  have  been  struck  with  the  general  resemblance  which 
this  cranium  in  its  upper  part  has  to  the  Neanderthal  skull,  and 
the  fragment  described  by  Dubois  from  Java.  If  this  cranium 
had  been  without  its  under  surface,  it  would  have  been  in 
general  contour  very  similar  to  these  two  specimens. 

(2)  Parietal  Perforation. — Humphry  (6)  is  the  first  English 
author  to  refer  to  symmetrical  perforations.      He  mentions  a 
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• 

cranium  in  the  Cambridge  Anatomical  Museum,  possessing 
parietal  perforations  which  admitted  **  the  end  of  the  finger." 

The  first  case  fully  described  in  1865  was  by  Sir  William 
Turner  (2),  from  a  specimen  obtained  by  Dr  T.  J  Maclagan 
and  illustrated  by  Dr  Richard  Caton.  It  was  very  similar  to 
the  specimens  described  above ;  there  was  a  suture  connecting 
the  left  perforation  with  the  lambda,  and  the  holes  were  filled 
np  by  cribriform  membranes.  They  were  situated  at  the 
postero-superior  angles  of  the  parietal  bones,  and.  there  was  au 
additional  perforation  in  the  median  line  in  the  supra-occipital 
bone.  .  The  sagittal  suture  was  partially  obliterated. 

In  all,  ten  cases  of  parietal  perforations  have  been  previously 
recorded..  Besides  Humphry's  and  Turner's  examples,  Wrany 
(3)  has  recorded  four  cases ;  Broca  (4)  is  responsible  for  three, 
and  D.  M.  Greig  (7),  formerly  Demonstrator  of  Anatomy  in 
University  College,  Dundee,  has  described  one  case. 

Of  Wrany's  four  cases  (3)  one  appears  to  be  an  example  of 
mere  enlargement  of  the  normal  parietal  foramen,  the  left  being 
the  larger  of  the  two  perforations  and  big  enough  to  admit  a 
raven's  quill.  Of  Broca's  cases,  one,  a  negro  cranium  (5),  is  also 
an  example  of  an  enlarged  parietal  foramen.  Greig's  case  is  parr 
tioularly  interesting  from  the  fact  that  the  subject  is  a  soldier 
who  was  alive  at  the  beginning  of  the  year  (8).  The  condition 
in  this  case  is  known  to  be  congenital.  The  pulsation  of  the 
brain  can  be  felt  beneath  the  perforations,  and  the  scalp  is  freely 
movable  over  them. 

With  the  three  examples  described  above,  we  are  acquainted 
altogether  with  eleven  certain,  and  thirteen  possible  examples 
of  double  parietal  perforations.  They  present,  taken  together, 
three  points  more  or  less  in  common :  (1)  the  position  of  the 
perforations  in  the  position  of  the  normal  parietal  foramen  at 
the  postero-superior  angles  of  the  parietal  bones ;  (2)  the  micro- 
cephalic character  of  the  cranium,  referred  to  in  four  cases — 
Turner's,  one  of  Broca's  (Baron  Larrey's  case),  Greig's  case,  and 
the  cranium  from  the  Liverpool  Museum ;  and  (3)  th^  partial 
or  complete,  obliteration  of  sutures  referred  to  in  five  cases — 
three  Liverpool  cases,  Turner's,  and  one  of  Wrany's  cases. 

The  differences  among  the  several  cases  are  mainly  differences 
in  size,  the  holes  varying  from  mere  enlargement  of  the  parietal 
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foramen  to  perforations  meaaoring,  as  in  one  of  our  cases,  4*0  by 
3-2  and  3*2  by  3  cm. 

Possibility  of  Trephining. — ^We  should  not  enter  into  the 
question  of  the  possibility  of  trephining  having  occurred  in  one 
of  our  specimens,  had  not  the  cranium  been  figured  in  Dr 
Robert  Munro's  Prehisioric  Problems,  1897  (13X  and  cited  as  the 
solitary  example  of  double  trepanning  known  in  an  English 
akulL  The  "  trepanned  apertures  show  clean  cut  and  sU^tly 
round  edges  •  .  .  ,  the  production  of  which  seems  to  me  to 
have  entailed  the  use  of  surgical  instruments  of  a  higher  order 
than  were  to  be  had  eith^r  in  the  Bronze  or  Stone  Age."  As 
the  deformity  of  the  skull  ''  was  probably  due  to  pathological 
causes,  it  is  interesting  to  note  that  the  operation  (of  trepanning) 
had  been  resorted  to  as  a  means  of  treatment'^ 

Broca,  who  was  among  the  first  anthropologists  who  investi* 
gated  the  occurrence  of  artificial  perforations  of  the  cranitun, 
clearly  recognises  the  difference  between  such  holes  and  the 
congenital  symmetrical  double  perforations  of  the  parietal  bones, 
of  which  the  cranium  in  question  is  in  our  opinion  an  undoubted 
example.  The  cranium  was  found  iu  the  churchyard  at  Eastij, 
near  Sandwich,  and  the  inference  is  that  it  is  at  any  rate  not 
prehistoric.  There  is  no  evidence  of  inflammatory  change  in  ' 
the  neighbourhood  of  the  perforations;  in  short,  the  position, 
and  the  symmetrical  nature  of  the  foramina,  associated  with 
other  similar  instances,  one  diagnosed  during  life  and  known  to 
be  congenital,  along  with  the  evidence  (positive  and  negative) 
derived  from  an  examination  of  the  perforations  themselves, 
compel  us  to  dismiss  at  once  the  view  of  their  formation 
suggested  by  Dr  Munro,  and  to  place  the  perforations  in 
this  cranium  among  those  of  congenital  origin. 

Bdaiion  to  Parietal  Depi^essioTis, — It  does  not  appear  as  if 
parietal  perforations  were  related  in  any  way  to  the  symmetrical 
parietal  depressions  recorded  by  Humphry  (6),  Shepherd  (9), 
and  others  (10).  The  latter  appear  to  be  congenital  depressions 
in  some  cases,  though  they  are  r^arded  by  Shepherd  as  due 
frequently  to  senile  changes  in  the  temporal  artery.  They  are 
due  to  a  defici^icy  in  the  outer  table;  and  the  inner  table  is 
not  afiected.  The  normal  parietal  foramina  may  be  present 
along  with  them,  and  the  examples  recorded  do  not  agree  in 
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position  with  the  situation  of  parietal  perforations,  being  situated 
farther  forward  on  the  bones. 

Hdation  to  the  Parietal  Foramina, — ^The  situation  of  parietal 
perforations  in  relation  to  that  of  the  normal  parietal  foramina 
has  led  to  the  very  natural  suggestion  by  Turner,  Humphry,  and 
others,  that  the  perforation  is  due  to  an  alteration  in  vascular 
conditions,  an  enlargement  in  size  of  meningeal  vessels,  or  an 
increase  in  the  number  of  vessels  in  the  position  of  the  parietal 
foramina. 

Broca  (4)  indeed  regards  the  parietal  foramina  themselves  as 
abnormal.  While  they  are  not  an  essential  characteristic  of  the 
mammalian  parietal  bone  as  a  rule — we  have  only  found  them 
in  a  bear,  an  ox,  and  a  leopard  among  the  skulls  in  our  posses- 
SLon — there  can  be  no  doubt  that  they  are  a  normal  occurrence 
in  the  human  parietal  bone.  Out  of  204  adult  parietal  bones 
examined,  we  have  found  the  foramina  present  in  66  per  cent., 
absent  in  33  per  cent,  and  present  as  a  single  median  hole  in 
1  per  cent. 

At  the  same  time  it  is  difficult  to  understand  how  even  a  con- 
siderable vascular  disturbance,  such  as  a  blood  island  or  a  circu- 
lus  venosus,  much  less  a  mere  emissary  vein  or  meningeal  artery, 
could  account  for  perforations  of  the  size  of  those  recorded. 

With  the  object  of  ascertaining  if  the  arrangement  of  the 
diploic  veins  in  normal  crania  would  throw  any  light  on  the 
conditions,  we  have  filed  off  the  outer  table  of  the  skull  from 
five  crania.  In  the  cases  examined  the  arrangement  was  fairly 
regular  throughout.  A  large  posterior  temporal  vein  collects 
from  the  upper  part  of  the  parietal  bone,  and  communicates  in 
some  cases  with  the  occipital  veiiL  In  one  case  a  'circulus 
venoBus'  was  present  (but  not  in  the  position  of  the  perfora- 
tions), but  the  bone  was  as  well  ossified  within  the  circle  as 
elsewhei'e. 

Ossification  of  the  Parietal  Bones, — ^The  examination  of  ossifying 
parietal  bones  throws  some  light  upon  the  formation  of  fora- 
mina, depressions,  and  perforations.  In  all  our  specimens  of- 
foetal  parietal  bones,  there  was  only  one  example  of  apparent 
ossification  from  more  than  one  centre.  In  a  three  months' 
embryo  the  bone  formation  is  occurring  in  two  separate  areas 
which  are  joined  together,  however,  along  a  line  which  passes 
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foramen  to  perforations  measoriug,  as  in  one  of  our  oases,  4*0  \sj 
3-2  and  3*2  by  3  cm. 

Possibility  of  Trisphining. — We  shoald  not  enter  into  the 
question  of  the  possibility  of  trephining  having  occurred  in  one 
of  our  specimens,  had  not  the  cranium  been  figured  in  Dr 
Sobert  Munro's  Prehistoric  Prohhms,  1897  (13X  and  cited  as  the 
solitary  example  of  double  trepanning  known  in  an  Englisb 
skull.  The  ''  trepanned  apertures  show  clean  cut  and  sli^tlj 
round  edges  .  •  .  ,  the  production  of  which  seems  to  me  to 
have  entailed  the  use  of  surgical  instruments  of  a  higher  order 
than  were  to  be  had  either  in  the  Bronze  or  Stone  Age."  As 
the  dieformity  of  the  skull  ''  was  probably  due  to  pathological 
causes,  it  is  interesting  to  note  that  the  operation  (of  trepauniog) 
had  be^i  resorted  to  as  a  means  of  treatment." 

Broca,  who  was  among  the  first  anthropologists  who  investi- 
gated the  occurrence  of  artificial  perforations  of  the  cranium, 
clearly  recognises  the  difference  between  such  holes  and  Ae 
congenital  symmetrical  double  perforations  of  the  parietal  bones, 
of  which  the  cranium  in  question  is  in  our  opinion  an  undoubted 
example.    The  cranium  was  found  in  the  churchyard  at  Eastij, 
near  Sandwich,  and  the  inference  is  that  it  is  at  any  rate  not 
prehistoric    There  is  no  evidence  of  inflammatory  change  in ' 
the  neighbourhood  of  the  perforations;  in  short,  the  positioD, 
and  the  symmetrical  nature  of  the  foramina,  associated  with 
other  similar  instances,  one  diagnosed  during  life  and  known  to 
be  congenital,  along  with  the  evidence  (positive  and  negative) 
derived  from  au  examination  of  the  perforations  themselves, 
compel  us  to  dismiss  at  once  the  view  of   their  formatioa 
suggested  by  Dr  Munro,  and  to    place  the  perforations  in 
this  cranium  among  those  of  congenital  origin. 

Bdation  to  Parietal  Depressions, — It  does  not  appear  as  if 
parietal  perforations  were  related  in  any  way  to  the  symmetrical 
parietal  depressions  recorded  by  Humphry  (6),  Shepherd  (9), 
and  others  (10).  The  latter  appear  to  be  congenital  depressions 
in  some  .cases,  though  they  are  regarded  by  Shepherd  as  due 
frequently  to  senile  changes  in  the  temporal  artery.  They  are 
due  to  a  deficiency  in  the  outer  table;  and  the  inner  table  is 
not  affected.  The  normal  parietal  foramina  may  be  present 
along  with  them,  and  the  examples  recorded  do  not  agree  in 
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position  with  the  situation  of  parietal  perforations,  being  situated 
farther  forward  on  the  bones. 

JielcUion  to  the  Parietal  Foramina. — ^The  situation  of  parietal 
perforations  in  relation  to  that  of  the  normal  parietal  foramina 
has  led  to  the  very  natural  suggestion  by  Turner,  Humphry,  and 
others,  that  the  perforation  is  due  to  an  alteration  in  vascular 
conditions,  an  enlargement  in  size  of  meningeal  vessels,  or  an 
increase  in  the  number  of  vessels  in  the  position  of  the  parietal 
foramina. 

Broca  (4)  indeed  regards  the  parietal  foramina  themselves  as 
abnormal.  While  ihey  are  not  an  essential  characteristic  of  the 
mammalian  parietal  bone  as  a  rule — we  have  only  found  them 
in  a  bear,  an  ox,  and  a  leopard  among  the  skulls  in  our  posses- 
aion — there  can  be  no  doubt  that  they  are  a  normal  occurrence 
in  the  human  parietal  bone.  Out  of  204  adult  parietal  bones 
examined,  we  have  found  the  foramina  present  in  66  per  cent., 
absent  in  33  per  cent,  and  present  as  a  single  median  hole  in 
1  per  cent 

At  the  same  time  it  is  difficult  to  understand  how  even  a  con- 
siderable vascular  disturbance,  such  as  a  blood  island  or  a  circu- 
lus  venosu8>  much  less  a  mere  emissary  vein  or  meningeal  artery, 
could  account  for  perforations  of  the  size  of  those  recorded. 

With  the  object  of  ascertaining  if  the  arrangement  of  the 
diploic  veins  in  normal  crania  would  throw  any  light  on  the 
conditions,  we  have  filed  ofT  the  outer  table  of  the  skull  from 
five  crania.  In  the  cases  examined  the  arrangement  was  fairly 
regular  throughout.  A  large  posterior  temporal  vein  collects 
from  the  upper  part  of  the  parietal  bone,  and  commimicates  in 
some  cases  with  the  occipital  vein.  In  one  case  a  'circulus 
venosus'  was  present  (but  not  in  the  position  of  the  perfora- 
tions), but  the  bone  was  as  well  ossified  within  the  circle  as 
elBewhei*e. 

Ossification  of  the  Parietal  Bones, — The  examination  of  ossifying 
parietal  bones  throws  some  light  upon  the  formation  of  fora- 
mina, depressions,  and  perforations.  In  all  our  specimens  of 
foetal  parietal  bones,  there  was  only  one  example  of  apparent 
ossification  from  more  than  one  centre.  In  a  three  months' 
embryo  the  bone  formation  is  occurring  in  two  separate  areas 
which  are  joined  together,  however,  along  a  line  which  passes 
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vertically  down  the  centre  of  the  bone.  The  examination  ot 
eighty-five  parietal  bones  in  nine,  months'  foetuses  shows  the* 
existence  of  a  very  constant  cleft  in  the  upper  border  of  the 
bone,  in  the  position  of  the  parietal  foramen,  formed  by  a  vesaet 
which  produces  a  rounded  or  oval  notch  (fig.  10)  at  the  outet 
angle  of  the  cleft.  This  cleft  is  present  in  seventy  specimens.  In 
fifteen  cases  it  is  absent  or  indistinguishable  from  the  numerous 
small  serrations  along  the  upper  border  of  the  bone. 

The  presence  of  this  emissary  vessel  is  thus  able  to  retard  the^ 
bone  formation  in  the  situation  of  the  parietal  foramen.  In  six 
cases  out  of  the  eighty-five,  there  were  remarkable  thinnings,  even- 
(in  two  cases)  perforations  in  the  parietal  bones,  placed  symmetri- 
cally in  one  or  more  situations  (PL  XXXIX.  figs.  9, 10, 11).  Wheu 
present,  these  perforations  are  oval  in  form,  are  due  to  excessive 
thinning  of  the  bone,  are  symmetrically  placed,  and  not  always 
in  the  same  position.  They  may  be  present  along  with  thinnings 
of  the  bones,  and  along  with  the  clefts  representing  parietal^ 
foramina.  They  do  not  occur  in  the  exact  situation  of  the  parietal 
foramen.  When  the  bone  is  thinner  than  usual,  it  has  a  cribri- 
form character. 

Both  thinnings  and  perforations  in  the  foetal  bones  look  ex* 
actly  as  if,  owing  to  inequality  of  growth  in  the  cranium  and 
cerebrum,  pressure  had  been  exerted  upon  the  ossifying  parietal 
bones  by  the  subjacent  cerebral  convolutions.     But  the  usual 
parietal  perforations  occur  in  the  situation  of  the  normal  parietal 
foramina.     It  has  been  shown  that  the  existence  of  the  usual 
vessel  or  vessels  in  the  ordinary  course  of  events  retards  the 
bone  formation.     It  is  conceivable  that  in  certain  cases,  it  ma]r 
be  along  with  larger  or  more  numerous  vessels,  the  same  in- 
equality of  growth  and  consequent  pressure  of  the   cerebral 
convolutions  may  keep  open  and  enlarge  this  embryonic  cleft,, 
and  so  give  rise  to  the  large  perforations  present  in  some  few 
cases.     In  one  of  our  cases  there  is  coalescence  of  the  perfora- 
tions across  the  middle  line ;  and  in  another  a  suture  connects 
them  together.     The  idea  of  such  a  cause  being  responsible  is 
supported  by  the  fact  that  in  several  of  the  examples  recorded 
the  cranium  has  a  microcephalic  character,  or  there  is  partial  or 
complete  obliteration  of  tlie  cranial  sutures. 

One  is  inclined,  therefore,  to  causally  associate  .the  general  con-  ' 
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^ition  of  the  cranium  described,  arrest  of  development  of  the 
base,  closure  of  sutures,  and  microcephalic  character,  with  the 
existence  of  these  enormous  perforations  of  the  parietal  bones. 


EXPLANATION  OF  PLATES  XXXVL-XXXIX. 

Figs.  1-4.  Superior,  anterior,  lateral,  and  posterior  views  of  the 
•cranium  (Case  L). 

Figs.  5,  6.  Calvaria  from  Pathological  Museum  (Cases  II.  and  III.). 

Figs.  9,  10,  11.  Parietal  bones  of  nine  months'  foetuses — ^perforated 
.and  thinned. 
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THE  CAUSES  OF  THE  ENTRANCE  OF  OXYGEN  INTO 
THE  BLOOD  IN  THE  LUNGS.  By  J.  J.  Charles,  KD., 
F.RS.E.,  Professor  of  Anatomy  and  Physiology,  Queen's 
College^  Cork} 

Ths  causes  of  the  entrance  of  oxygen  into  the  blood  in  the  lungs 
is  a  subject  on  which  much  difference  of  opinion  exists.  In  any 
consideration  of  this  question,  at  least  three  factors  must  be 
considered,  namely:  diffusion,  the  chemical  affinity  of  haemo- 
globin, and  the  secretory  activity  of  the  endothelium.  The  two 
rival  views  are:  (1)  the  so-called  diffusion  theory  in  which  the 
chemical  affinity  of  haemoglobin  is  included,  and  (2)  the  vitalistic 
theory,  in  which  the  secretion  of  oxygen  by  the  endothelium 
plays  an  important  part,  in  addition  to  diffusion  and  the  chemical 
affinity  of  haemoglobin. 

I.  Diffusion  at  the  lungs  is  a  physical  process  whereby  oxygen 
tends  to  pass  from  a  point  of  higher  to  one  of  lower  tension — 
that  is,  from  the  air  through  the  moist  membranes  into  the  blood. 
Of  course,  as  Haldane  has  remarked,  "  the  passage  of  oxygen 
molecules  inwards  will  be  equally  fast,  whether  the  haemoglobin 
is  saturated  or  not;  only  when  the  latter  is  saturated,  the  oxygen 
would  be  passing  equally  fast  out  again,  if  the  process  were  one 
of  diffusion  only."  Many  accepting  the  results  of  Pfliiger  and 
others  with  the  aerotonometer  and  the  gas  pump,  maintain  that 
the  tension  of  the  oxygen  in  the  air  of  the  air-cells  is  greater 
than  in  the  blood  in  the  lungs,  and  consequently  that  this  gas 
passes  inwards  in  accordance  with  the  laws  of  diffusion.  (See 
Appendix.)  But  Bohr  (1)  is  entirely  at  variance  with  Pfliiger; 
for  experimenting  with  the  haematatirometer — a  modification  of 
the  aerotonometer — he  concluded  that  the  tension  of  the  oxygen 
in  the  arterial  blood  is,  as  a  rule,  greater  than  in  the  air  in  the 
trachea,  though  it  must  be  admitted  that  his  experiments  were 

^  This  paper  was  read  at  the  opening  of  a  discnssion  on  this  subject,  in  the 
Section  of  Anatomy  and  Physiology,  British  Medical  Asaociatioti,  Portsmouth, 
1899. 
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80  adrerselj  criticised  bj  Htifner  and  Fredericq  that  for  a  long 
time  little  attention  was  paid  to  them.  Bat  the  recent  investi- 
gations of  Haldane  and  Lorrain  Smith  (2)  support  the  oonclusions 
of  Bohr;  and  as  their  investigations  form  an  important  element 
in  this  inquiry,  it  is  right  that  they  should  be  considered  some- 
what in  detaiL  These  observers  have  experimented  on  man  and 
other  animals,  and  they  cause  them  to  respire  air  containing  a 
small  amount  of  carbonic  oxide,  until  the  percentage  saturation 
of  haemoglobin  with  that  gas  becomes  constant  In  the  case  of 
man,  they  take  from  his  finger  a  definite  quantity^  of  blood, 
and  determine  by  titration  with  carmine,  the  percentage  satura- 
tion of  the  haemoglobin  in  it  with  carbonic  oxide.  And  as  the 
final  saturation  of  the  haemoglobin  with  carbonic  oxide  is  due  to 
the  relative  tensions  of  the  carbonic  oxide  and  oxygen  in  the 
blood,  they  are  able  to  calculate  its  oxygen  tension,  once  they 
have  ascertained  its  carbonic  oxide  tension.  They  have  found 
the  oxygen  tension  in  the  arterial  blood  of  man  to  be  38*5  per 
cent,  of  an  atmosphere,^  the  tension  in  the  dog  to  be  17'6  to  24 
per  cent.,  and  in  birds  44  per  cent. — that  is,  considerably  higher 
than  the  oxygen  tension  of  the  air  in  the  alveoli,  which  is  calcu*- 
lated  to  be  about  13  per  cent,  of  an  atmosphere  (  =  99  mm.  Hg.) 
in  man,  and  is  probably  the  same  in  most  of  the  higher  animals. 
These  results  differ  widely  from  those  obtained  by  all  previous 
observers  except  Bohr,  the  tension  of  the  oxygen  of  the  arterial 
blood  of  the  dog  having  been  ascertained  by  Fredericq  to  be 
only  12  to  14  per  cent.  of.  an  atmosphere,  instead  of  21  per  cent, 
as  made  out  by  the  carbonic  oxide  or  colorimetric  method. 

Many  objections,  however,  have  been  raised,  not  only  to  the 
metliod  pursued  by  Haldane  and  Smith,  but  to  the  inferences 
they  have  drawn  from  their  experiments.  Thus  it  was  pointed 
out,  even  by  themselves,  that  the  dissociation  of  oxyhsemoglobin 
takes  place  more  readily  with  a  weak  solution  than  with  a 
strong  one,  and  that  carbonic  oxide  haemoglobin  is  to  a  certain 
extent  dissociated  by  sunlight.  To  meet  these  objections  they 
have  made  test  experiments,  by  which  they  have  been  able  to 
apply  corrections  to  their  results,  so  that  they  are  now  convinced 

^  I  nsderstand  that  lately  they  do  not  measure  the  quantity. 
^  In  their  early  experiments  they  made  the  oxygen  tension  in  man  to  Be 
26-2  per  oent  sSOO  mm.  Hg. 
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of  their  accuracy.  Some  authorities,  however,  are  still  disposed 
to  look  with  suspicion  on  results  which  require  so  many 
corrections. 

It  has  also  been  suggested  that,  in  the  experiments  of  Haldane 
and  Smith,  the  haemoglobin  might  be  decomposed  or  be  in  the 
state  of  methaemoglobin;  but  this  change,  even  if  it  occurred,  could 
have  little  effect  on  the  result.  •  There  is  the  further  possibility 
that  a  fall  of  the  temperature  of  the  body  might  occur  during 
the  experiment,  and  this,  as  Lorrain  Smith  suggests,  by  paralys- 
ing the  mechanism  of  absorption  (the  secretory  activity  of  the 
alveolar  endothelium),  would  reduce  the  oxygen  tension  of  the 
arterial  blood;  but  they  have  taken  tins  fully  into  consideration, 
and  in  some  cases  have  kept  the  animal,  such  as  a  mouse,  in  a 
vessel  placed  in  a  warm  bath  at  25''  to  30''  C. 

Again  it  might  be  urged  that  the  small  quantity  of  blood 
employed  in  these  experiments  is  not  a  fair  or  average  sample 
of  the  blood  in  the  body — ^at  least,  not  as  reliable  as  the  large 
quantity  used  in  the  aerotonometer  method.  It  is  alleged,  too, 
that  as  it  has  been  shown  that  the  percentage  of  red  corpuscles 
and  of  haemoglobin  in  the  blood  varies  in  different  parts  of  the 
body,  and  that  the  percentage  of  corpuscles  in  a  part  is 
altered  by  posture  (3),  the  result  would  be  influenced  thereby 
in  both  instances.  Again,  it  is  said  that  if  a  portion  of  the 
lung  should  not  be  ventilated  at  all,  or  only  partially,  as  is 
known  sometimes  to  occur,  the  blood  would  absorb  more  car- 
bonic oxide  than  ordinarily,  and  th^  results  would,  therefore, 
be  inaccurate.  In  reply  to  these  various  objections,  I  may  state 
that  I  have  learned  that  Haldane  and  Smith  now  make  use  of 
a  larger  amount  of  blood  (50  c.  mm.)  in  their  experiments  thsu 
they  originally  did,  and  that  as  each  of  these  lasts,  on  an 
average,  15  minutes,  there  is  ample  time  for  complete  mixture 
of  the  blood  from  different  parts  of  the  body  to  take  place. 

The  alleged  discovery  of  carbonic  oxide  in  normal  blood  by 
Nidoux  seems  at  first  sight  a  serious  objection.  But  the 
test  employed  for  the  detection  of  carbonic  oxide  is  not  accepted 
by  chemists  as  reliable ;  and,  even  if  it  were,  the  amount  of 
this  gas  in  blood,  according  to  St  Martin  (4),  is  about  1*5  c.c.  in 
a  litre — that  is,  only  -15  per  cent ;  whereas,  during  the  experi- 
ments of  Haldane  and  Smith,  the  blood  is  from  30  to  80  per  cent 
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saturated  with  carbonic  oxide.  Consequently,  even  if  we  assume 
that  normal  blood  contains  '15  per  cent,  of  carbonic  oxide,  this 
is  not  more  than  would  correspond  to  the  experimental  limit  of 
«rror  in  Haldane  and  Smith's  experiments,  and  its  effects  on  the 
result  would  not  be  appreciable. 

It  should  also  be  borne  in  mind  that,  as  Gamgee  has  indi- 
cated, hsemoglobin  exists  in  the  corpuscles  joined  to  a  con- 
stituent (not  yet  differentiated),  and  that  its  saturation  with 
i^bonic  oxide  may  not  be  as  definite,  or  as  simple,  as  it  has 
been  assumed  in  connection  with  the  investigations  of  Haldane 
^nd  Smith.  It  should,  however,  on  the  other  hand,  be  mentioned 
that  Hiifner  (5),  by  means  of  the  spectro-photometer  obtained 
nearly  the  same  results  as  to  the  percentage  saturation  of 
fasmc^lobin  with  carbonic  oxide  as  they  did. 

But  perhaps  the  most  serious  objection  which  has  been  raised 
is  that  carbonic  oxide  is  during  these  experiments  oxidized  in 
the  blood  by  the  oxy-hsemoglobin,  as  St  Martin  suggests,  or 
more  likely  in  the  tissues,  especially  as  oxidation  is  known  to 
take  place  in  them  more  readily  than  outside  the  body ;  and 
this  action  might  go  on  more  freely  when  carbonic  oxide  is 
breathed,  as  it  no  doubt  renders  the  metabolism  somewhat 
abnormal.  To  solve  this  diflftcult  problem,  several  investiga- 
tions have  been  conducted  by  different  physiologists,  but  the 
results  obtained  are  very  discordant.  Gaglio  (6)  kept  rabbits 
and  pigeons  under  examination  for  ten  hours,  and  observed  no 
diminution  in  the  amount  of  carbonic  oxide  from  oxidation. 
St  Martin  arrived  at  nearly  the  same  conclusion  as  Gaglio, 
although  he  thought  there  was  a  slight  amount  of  oxidation. 
Haldane  and  Smith  (7)  in  their  experiments  on  men  whose 
blood  was  30  per  cent,  saturated  with  carbonic  oxide,  were 
unable  to  detect  any  difference  in  the  saturation  after  the  lapse 
of  an  hour,  when  the  carbonic  oxide  was  not  allowed  to  escape 
by  the  lungs.  On  the  other  hand,  Wachholtz  (8)  recently  placed 
insects,  frogs,  and  mice  in  vessels  containing  a  mixture  of  oxygen 
and  carbonic  oxide,  and  after  twenty-four  hours  he  found  that 
with  mice  particularly,  the  carbonic  oxide  had  in  several  cases 
completely  disappeared  from  the  mixture.  The  frogs,  though 
their  blood  showed  carbonic  oxide  hsemoglobin  with  the  spectro- 
scope, gave  off  little  or  no  carbonic  oxide  to  the  receiver  of  a 
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gas  pump.  In  a  control  experiment,  where  a  corresponding 
mixture  of  oxygen  and  carbonic  oxide  was  placed  in  a  vesBel,  no 
diminution  in  the  amount  of  carbonic  oxide  occurred.  Wach- 
boltz  infers  that  the  greater  part  of  the  carbonic  oxide  inspired 
is  oxidized  in  the  tissues  and  converted  into  carbon  dioxide. 

Dr  Haldane,  in  a  letter,  informs  me  that  he  has  recently 
repeated  Wachholtz's  experiments  on  mice,  using  the  same  per* 
centage  of  carbonic  oxide,  and  the  same  size  of  vessel  and  num- 
ber of  mice,  but  purposely  allowing  the  animals  to  breathe  air 
in  place  of  oxygen.  He  says :  "  The  result  was  that  instead  of 
the  whole  of  the  carbonic  oxide  disappearing  within  twenty- 
four  hours,  as  in  Wachholtz's  experiments,  there  was  not  the 
very  slightest  disappearance  of  carbonic  oxide  even  after 
thirty  hours.  Care  was  taken  to  render  impossible  any 
leakage  of  carbonic  oxide  outwards,  and  the  analyses  were 
made  by  a  rigorously  accurate  method.  The  animals  con- 
tinued to  show  symptoms  of  carbonic  oxide  poisoning  from 
the  beginning  to  the  termination  of  the  experiment,  and  the 
blood  of  one  killed  at  the  end  was  67  per  cent,  saturated 
with  carbonic  oxide,  which  is  just  what  would  have  been  exr 
pected  from  the  percentage  of  carbonic  oxide  present  in  the  air. 
The  other  animals  recovered  within  a  few  minutes  on  being 
taken  out.  The  experiments  thus  completely  confirmed  those 
of  Gaglio."'  Having  regard  to  the  great  experience  of  Haldane 
in  the  conduct  of  experiments  of  this  kind,  I  incline  to  his 
conclusions,  and  hold  that  the  weight  of  evidence  is  against  the 
oxidation  of  carbonic  oxide  in  the  body. 

We  may  now  take  into  consideration  the  marked  discrepancy 
between  the  oxygen  tensions  as  made  out  by  the  carbonic  oxide 
method,  and  those  by  the  aerotonometer,  or  those  inferred, 
according  to  Hilfner's  data,  from  the  determinations  with  the 
gas  pump  by  Pfliiger  and  others.  In  explanation  of  the  dififer* 
ence,  Haldane  and  Smith  have  put  forward  a  number  of  im- 
portant facts,  only  some  of  which  I  shall  mention.  They  say 
that  oxygen  is  admittedly  absorbed  by  the  red,  and  possibly  by 
the  white  corpuscles  of  the  blood  during  its  flow  from  the  artery 
to  the  gas  pump,  this  in  one  case  of  Ffliiger's  being  as  much  ail 
10  per  cent,  when  the  experiment  was  slowly  performed,  so 
that  the  results  by  the  pump  are  too  low,  whereas  no  such 
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absorption  of  carbonic  oxide  takes  place  when  it  is  breathed ; 
and  that  in  asphyxia  the  blood  yields  little  or  no  oxygen  to 
the  gas  pump,  though  on  spectroscopic  examination  of  the  blood 
in  the  jugular  vein  the  bands  of  oxyhsemoglobin  are  visible*  To 
these  I  may  add  that  in  Fredericq^s  experiments  the  animals 
were,  according  to  Lorrain  Smith's  recent  investigations,  in  an 
ahnormal  state  with  regard  to  their  respiration,  from  loss  of 
Uood  and  from  having  been  kept  for  some  time  in  an  uncom- 
fortable position,  etc.,  as  well  as  from  their  blood  having  been 
peptonized. 

After  full  consideration  of  the  evidence  on  both  sides,  un- 
prejudiced observers  will,  I  think,  admit  that  we  cannot  accept 
as  conclusive  the  results  obtained  by  either  method.  The  great 
variations  in  the  oxygen  tensions,  as  made  out  by  Haldane  and 
Smith,  at  different  times,  in  man  (16  per  cent.,  26  per  cent,  and 
38  per  cent.),  indicate  that  there  is  some  foundation  for  this 
criticism.  Besides,  some  physiologists,  regarding  the  aerotono- 
meter  method  as  the  more  direct  and  the  more  reliable  one  for 
taking  the  tension  of  gases,  are  not  prepared  at  present  to  put 
aside  the  results  obtained  by  it ;  but  certainly  from  what  I  have 
said,  it  is  evident  that  investigations  with  the  gas  pump  should 
be  repeated,  in  order  to  avoid,  as  far  as  possible,  the  fallacy  to 
which  I  have  already  alluded. 

II.  We  may  now  consider  the  importance  of  the  second 
factor — the  chemical  affinity  of  the  haemoglobin  of  the  blood. 

Some  years  ago,  E.  J.  Mills  (9),  by  causing  barium  sulphate  to 
be  formed  between  two  parallel  glass  plates  placed  nearly  in 
contact,  tried  to  prove  that  "  chemical  change  can  take  place  at 
a  distance."  If  his  opinion  were  correct,  there  would  be  no 
difficulty  in  understanding  how  the  affinity  of  the  haemoglobin 
in  the  red  blood-corpuscles  might  exercise  itself  on  the  oxygen 
of  the  air  of  the  alveoli  across  the  thin  layer  of  plasma  and  the 
film  formed  by  the  endothelial  lining  of  the  alveoli  and  of  the 
capillary  wall  together.  Chemists,  however,  do  not  regard  the 
evidence  in  favour  of  Mills's  view  as  sufficient  But,  undoubtedly, 
the  haemoglobin  in  the  red  corpuscles,  by  constantly  absorbing 
oxygen  from  the  plasma  around  them,  lowers  its  oxygen  tension, 
as  Foster  has  pointed  out,  and  thus  indirectly  causes  more  oxygen 
to  enter  the  blood  from  the  air-cells  by  diffusion. 
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An  experiment  devised  by  Max  Verwom  (10)  may  be  modified 
and  used  to  exemplify  how  diffusion  or  osmosis  ia  influenced  by 
chemical  affinity.  Thus,  we  may  place  in  the  onter  veasd  of  a 
dialyser  (fig.  1)  a  diffusible  salt  solution  as  of  chloride  of  sodinm, 
and  in  the  inner  vessel  a  solution  of  a  substance  such  as  gelatin, 
which  does  not  didiise  through  the  membrane  bat  exerts  a 
chemical  affinity,  or  rather  "elective"  action  (11)  for  the  salt 
in  the  vessel  outside.^    As  the'salt  diffuses  iuto  the  inner  vessel, 


it  forms  there  with  the  substance  a  combination  (not  a  true 
chemical  compound),  and  if  it  be  assumed  that  this  combinaUon 
or  "  loose  "  compound  is  being  continually  carried  off  and  replacad 
by  a  fresh  salt  solution,  we  shall  find  that  the  salt  will  BOon 
have  left  the  outer  vessel.  Now  the  hfemoglobin  in  the  red 
corpuscles  in  the  capillaries  of  the  lung  (fig.  2)  would  represent 
the  indifF^isible  substanee  in  the  inner  vessel  of  the  dialjwr,  and 
the  oxygen  in  the  plasma  (or  in  the  alveoli)  would  correapood 
with  the  salt  in  the  outer  vessel ;  but  of  course  the  cases  aie 

'  HoMeiBter  hu  pointed  ont  that  gsUtin  (kt  l«Mt  in  the  form  or  Jelly)  tihi 
Tip  methyl  violet  from  water  by  wbkt  Ostwald  terms  "m8ch«nic*l  »ffinitj''(ltt 
The  4bovg  experiment  might  kccordingly  be  varied  ao  that  the  oDter  tumI 'Iiob'^ 
contaia  methyl-violet  inetead  of  aodiom  chloride. 
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not  exactly  parallel,  for  in  the  lungs  chemical  affinity  acts  in  all 
probability  more  as  an  adjunct  to  diffusion  than  as  an  agent  by 
itaelf. 

III.  The  third  factor  said  to  be  concerned  in  the  entrance  of 
oxygen  into  the  blood  is  the  action  of  the  endothelial  cells  of  the 
alveoli  and  of  the  blood-capillaiy  walls  in  secreting  the  oxygen 
from  the  air  in  the  air-cells  into  the  blood. 

In  its  favour  we  have  the  fact  that  in  the  secretion  of  urine,, 
and  possibly  in  the  transudation  of  lymph,  the  endothelium 
containing  living  protoplasm,  discharges  a  somewhat  analogous 
function.  Again,  there  are  some  grounds  for  believing  that 
epithelial  cells  may  be  the  active  agents  in  causing  the  passage 
of  oxygen  from  the  maternal  to  the  foetal  blood  in  the  placenta,. 
as  its  tension  is  only  slightly  greater  in  the  former  than  in  the 
latter. 


FiQ.  2. — a  a'.  Endothelial  cells  of  aWeolar  wall  and  capillary  wall 

together  form  a  moist  film. 


Besides,  Begnard  and  Schloesig  have  (13)  ascertained  that  the 
amount  of  nitrogen  and  argon  in  the  blood  of  the  horse  is 
approximately  double  what  it  ought  to  be  if  only  solution  took 
place,  and  they  suggest  that  the  alveolar  membrane  takes  an 
active  part  in  causing  the  solution  of  abnormal  quantities  of  the 
gases.  And  when  animals  respire  pure  hydrogen  or  nitrogen,, 
no  oxygen,  as  Pfluger  has  pointed  out  (14),  passes  from  the 
blood  to  the  air  in  the  alveoU. 

Moreover,  the  remarkable  changes  in  the  oxygen  tension  of 
the  arterial  blood  during  great  diminution  of  the  oxygen  tension 
of  the  air  breathed,  and  in  pathological  states  of  the  lungs — in 
fevers,  etc.,  as  discovered  by  Haldaue  and  Smith  (15) — cannot  be 
accounted  for  by  diffusion,  even  when  aided  by  the  chemical 
affinity  of  the  hsemoglobin. 
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But  the  most  direct  and  convincing  evidence  in  support  of 
this  view  we  find  in  the  case  of  the  swimming  bladder  of 
fishes  (16)i  in  which  oxygen,  nitrogen,  and  possibly  argon  aie 
secreted  like  saliva  under  the  influence  of  the  nervous  system, 
whilst  the  fresh  wall  of  the  bladder  will  scarcely  allow  oxygen 
to  pass  even  under  the  pressure  of  one  atmosphere. 

Finally,  though  we  are  not  yet  in  a  position  to  pronounce 
dogmatically  upon  the  subject  of  this  paper,  I  am  convinced 
that  the  entrance  of  oxygen  into  the  blood  in  the  lungs  depends 
first,  on  diffusion,  supplemented  and  modified  largely  by  the 
indirect  agency  of  the  chemical  affinity  of  the  hsemoglobin  in 
the  corpuscles ;  and  secondly,  in  all  probability,  on  the  secretory 
activity  of  the  endothelial  wall  of  the  alveoli  and  of  the 
capillary  walls,  and  this  activity  may  be  supposed  to  act  against 
or  along  with  diffusion.  But  the  view  which  attributes  the 
entrance  of  oxygen  to  difiusion,  even  with  the  aid  of  chemical 
affinity,  must,  I  think,  be  regarded  as  improbable. 

I  desire,  in  conclusion,  to  express  my  sincere  obligations  to 
Dr  Haldaneand  to  Dr  Lorrain  Smith  for  information  which 
they  have  so  kindly  communicated  to  me  with  respect  to  the 
details  of  their  experiments  and  their  views. 


APPENDIX. 


Termon  of  oxygen  in 
the  dog,  in  pi'vcent- 
ages  of  an  atmos- 
phere (17),    . 


fin  external  air,  20*95  per  cent  (^  159  mm.  Ug) 
In  alveolar  air,   18  per  cent.  (Loewy  13=99 

mm.  Hg.,  but  others  say  114  mm.  Hg.) 
In  arterial  blood,  14  per  cent.  (Haldane  and 

Smith  26*2  per  cent.,  or  38*5  per  cent) 
Un  the  tissues,  0. 

The  percentage  of  oxygen  in  the  gases  in  the  swimming  bladder  of 
fishes  may  be  as  high  as  85  per  cent,  though  the  tension  of  oxygen 
in  the  water  aroiuid  them  ciinnot  be  greater  than  21  per  cent,  of  an 
atmosphere  (18). 
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rp:fere>^ces. 

(1)  Schdf&i' 8  Text-Book  of  Phyfsiology,  p.  777. 

(2)  Journal  of  Physiology — dififerent  papers,  1895-1899. 

(3)  British  Medical  Journal,  1896,  vol.  i.  p.  1648. 

(4)  Archives  de  Physiologic,  1898,  p.  434. 

(5)  Hiifner  and  Kiilz  —  Journal  fur  prakt.  cliemie,  xxviii.  p.  256, 
1883;  and  xxx.  p.  68,  1884. 

(6)  Ardiiv.f  Exp.  Pathologie,  1887,  Band  22,  p.  233. 

(7)  Journal  of  Physiology,  1896,  p.  515. 

(8)  Pfluger's  Archiv,  February  1899,  p.  174. 

(9)  Journal  of  Chemical  Society,  1880,  p.  693. 

(10)  General  Physiology,  translated  by  Lee,  p.  527. 

(11)  Schdfer^s  Text-Book  of  Physudogy,  p.  276. 

(12)  ScMfer's  Text-Book  of  Physiology,  p.  275. 

(13)  Comptes  Eendus  Acad,  des  Sciences,  Paris,  1897,  1 24,  302-304. 

(14)  HowelVs  Text-Book  of  Physiology,  p.  526. 

(15)  Journal  of  Physiology,  1897,  p.  244;  and  1898,  p.  307;  and 
1899,  p.  19. 

(16)  ScJidfer's  Text- Book  of  Physiology,  p.  705;  and  Stewart^ s 
Manual  of  Physiology,  1899,  p.  243. 

(17)  This  table  is  constructed  partly  from  ScJidftrr's  Text-Book  of 
Physiology,  p.  778. 

(18)  Sduifer's  Text-Book  of  Physiology,  p.  705. 

(19)  Journal  of  Pfiysiology,  1899  ;  25,  p.  33. 

I  may  add  that  Yaughan  Harley  (19)  has  recently  found  that  after 
compression  of  one  lung  in  dogs,  more  oxygen  is  absorbed  and  more 
carbon  dioxide  is  eliminated.  He  is  unable  to  explain  the  result 
except  by  supposing,  with  Bohr,  that  carbon  dioxide  is  secreted  by  the 
epithelium  of  the  air-cells. 


THE  TOPOGEAPHY  OF  THE  FACIAL  NERVE  IN  ITS 
RELATION  TO  MASTOID  OPEEATIONS.i  B7  Eobkbt 
DwYBR  Joyce,  F.R.C.S.L,  M.B.C.S.  Eng.,  etc.,  Assista^nl 
Ophthalmic  Surgeon  to  the  Richmond  Hospital ;  Demonstrajtor 
of  Anatomy,  Catholic  University,  Dublin,  etc. 

In  two  papers  on  the  applied  anatomy  of  the  mastoid  region^ 
published  in  the  Transactions  of  the  Eoyal  Academy  of  Medicine, 
Ireland,  1890-1891,  Professor  Birmingham  recorded  the  exami- 
nation of  100  temporal  bones,  in  which  he  had  investigated 
the  chief  relations  of  the  mastoid  antrum  and  the  anatomy  of 
the  operations  for  opening  that  cavity.  In  these  papers  the^ 
relations  of  the  facial  nerve  were  but  briefly  referred  to,  and  at 
Dr  Birmingham's  suggestion  I  have  carried  out  in  his  laboratory 
a  systematic  examination  of  thirty  temporal  bones,  with  tbe^ 
object  of  determining  the  precise  relations  of  this  nerve  to  the 
exterior  of  the  skull  in  the  adult,  its  depth,  as  well  as  that  of 
the  external  semicircular  canal,  from  the  surface,  and  the  rela- 
tions of  both  these  structures  to  the  operations  for  exposing  the 
mastoid  antrum  and  to  *  the  radical  operation.' 

For  the  material  upon  which  the  investigation  was  carried, 
out,  and  for  many  valuable  suggestions,  I  am  greatly  indebted 
to  Professor  Birmingham. 

Method. 

Each  bone  was  cut  from  before  backwards,  beginning  near 
the  angle  between  the  squamous  and  petrous  portion,  so  as  to 
expose  the  aqueduct  of  Fallopius  in  its  entire  length ;  the  ex- 
ternal semicircular  canal  was  also  cut  across  by  the  same  section 
in  every  case  (see  figs.  1  and  2). 

Then  I  projected  the  facial  canal  on  the  surface  by  a  method 
devised  by  Professor  Birmingham  in  his  investigations,  namely, 

^  Read  before  the  Sixth  luternational  Otological  Congresp,  LondoD,  Aognst 
1899. 
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the  method  of  drilling  from  the  exposed  canal  tronSTersel;  out- 
wardfl.  In  order  to  utilise  this  method,  it  waa  neceseary  to  make 
the  holea  accurately  at  r^ht  angles  to  the  sagittal  plane,  and 
of  ooutse  thus  parallel  to  one  auother.  To  do  this  I  constructed 
the  following  simple  coutrivauce. 

An  accurately  made  wheel-drill  was  fastened  down  on  a  sliding 
lied,  so  that  the  drill  was  capable  of  backward  and  forward 
movement  only,  without  any  lateral  wobbling.  To  the  end  of 
the  base-board,  in  which  the  sliding  drill-bed  moved,  I  fastened 
an  end-board  at  right  angles  to  the  line  in  which  the  drill 
worked,  in  such  a  way  that  it  could  be  shifted  about  in  a  vertical 
plane  perpendicular  to  the  line  of  the  drill.  Each  temporal 
bone  was  now  accurately  fastened  in  correct  position  to  this 
end-board,  with  the  exposed  facial  canal  towards  the  drill,  by 


Fio.  1. — TamponI  bone  (Ult)  on  edge,  and  looked  at  from  above,  shoving 
position  of  cut. 

embedding  it  in  dentists' '  modelling  composition.'  This  mate- 
rial, which  becomes  soft  in  hot  water  and  hard  again  in  cold,  is 
very  suitable  for  such  a  purpose.  Thus,  the  drill  always  work- 
ing in  the  same  directio'>,  and  the  bone  capable  of  adjustment, 
while  remaining  in  the  plane  at  right  angles  to  the  drill  (i.e., 
sagittal,  as  the  bone  was  in  correct  position),  I  was  enabled  to 
get  on  the  outer  surface  a  perfectly  true  projection  of  the  facial 
canal 

Neit  I  measured,  with  the  aid  of  a  fine  sliding  callipers, 
graduated  to  ^  millimetres,  the  distance  of  the  facial  canal 
from  three  points  on  the  surface  (fig.  4) — viz.,  a — a  point  imme- 
-diately  behind  the  external  auditory  meatus  on  a  horizontal  Hue 
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paaeing  throi^;h  its  centre ;  h — a  point  immediately  behind  the 
upper  part  of  the  meatus,  and  immediately  below  s  horizontal 
line  passing  through  its  upper  margin ;  c — a  point  high  up 


above  the  middle  of  the  meatus  on  the  posterior  roof  of  the 
zygoma. 

The  measurements  from  a  and  6  were  taken  horizontally 
inwards  and  parallel  to  the  posterior  wall  of  the  meatus ;  that 


Fio.  3. — Drill  batenad  on  its  sliding  bed  ;  temponl  bant  in  poaitian 
ready  for  drilling. 

from  c  straight  in  and  slightly  downwards  to  the  horizontal 
part  of  the  facial  canal,  which  lies  on  the  inner  wall  cA  the 
attic  I  have  not  used  the  suprameatal  spine  in  any  d  my 
measurements — first,  because  it  is  very  frequently  absent;  and 
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«econdIy,  because  when  it  is  present  it  varies  considerably  in 
length  and  shape.  The  points  a  and  b  are  taken  as  represeut- 
ing  the  anterior  edge  or  lip  of  the  cavity  made  in  the  bone  by  the 
drill  or  chisel  when  the  mastoid  ie  opened  below  or  above  respec- 
tively. Also,  the  point  ft  is  the  point  from  which,  as  Birming- 
ham has  shown,  the  antrum  mny  in  every  case  be  tapped, 
without  any  danger  to  either  the  lateral  sinus  or  the  cranial 
cavity,  by  a  small  drill  sent  straight  in,  i,e.,  perpendicular  to  the 
s^ttal  plane.    The  distance  of  the  facial  canal  from  the  point 


Fio.  i, — OoUrsnrfaceof  left  toniparal  booe,  Bhmriag  points  A,  B,  md  0; 
and  also  poution  of  line  of  proJectioD  of  bci&l  neTre. 

e  will  come  into  consideration  in  removing  the  outer  wall  of 
the  attic  from  the  external  meatus. 


Results. 

The  line  of  projection  of  the  facial  canal  on  the  surface  ia 
very  constant  in  position.  It  lies  on  the  posterior  and  superior 
walls  of  the  external  auditory  meatus,  about  midway  between 
the  sulcus  tympanicus  and  the  outer  margin  oF  the  bony  meatus, 
its  position  between  these  two  points  varying,  however,  with  the 
obliquity  of  the  meatus.  The  lower  part  of  the  canal  is  per- 
pendicular or  has  a  slight  inclination  forwards,  and  its  upper 
part  beyond  the  bend  runs  almost  horizontally  forwards,  with  a 
slight  inclination  upwards.  As  Folitzer  shows  in  his  Lehrbuch 
der  OhrenhffUhunde,  in  its  whole  course  from  above  downwards 
the  facial  canal  slopes  out,  being  thus  farther  from  the  surface 
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above  than  from  the  surface  below.  lu  a  transveiBe  Beotion 
inclining  backwards  and  exposing  the  canal,  it  will  be  seen,  how- 
ever, that  its  inclination  outwards  is  not  regular  and  gradual 
when  traced  from  above  downwards,  but  that  at  the  genu  it 
frequently  makes  a  bend  either  outwards  or  inwards,  both  direc^ 
tions  being  about  equally  common.  As  regards  its  relations  to 
the  surface  of  the  mastoid,  a  straight  drill  hole,  3  to  4  mm. 
behind  the  posterior  wall  of  the  meatus  and  parallel  to  that 
wall,  will  in  every  case  strike  it.  This  last  holds  true  from  the 
level  of  the  floor  of  the  meatus  to  within  4  mm.  of  the  roof. 

I  have  found  the  distance  of  the  facial  canal  from  the  surface 
to  vary  very  considerably.  From  the  first  point  a,  immediately 
behind  the  meatus,  and  on  a  horizontal  line  passing  through  its 
centre,  its  average  distance  was  about  16*75  mm.,  the  maximum 
being  22  mm.  and  the  minimum  13*25  mm.  In  the  case 
where  it  measured  22  mm.,  the  surface  of  the  mastoid  at  the 
measuring  point  was  considerably  bulged  out. 

Distance  of  FacicU  Canal  frojn  2>oint  a. 
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From  the  second  point  b,  immediately  behind  the  upper  part 
of  the  meatus  and  immediately  below  a  horizontal  line  passing 
through  its  upper  margin,  the  average  distance  was  about 
18'5  mm.,  the  maximum  being  22*75  mm.  and  the  minimum 
14*75  mm.,  this  last  being  a  case  of  solid  mastoid.  The  first 
(22*75  mm.)  was  in  the  same  case  as  gave  the  maximum  distance 
from  the  point  a. 

Distance  of  the  Facial  CancU  from  point  b. 
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From  the  third  point  e,  above  the  middle  of  the  meatus  on 
the  posterior  root  of  the  zygoma,  the  average  distance  was  about 
19*4  mm.,  t9ie  n^aximum  being  21*75  mm.  and  the  minimum 
17  mm^ 

Distance  of  Farial  Nerve  from  point  c. 
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As  mentioned  above,  the  external  semicircular  canal  was 
always  exposed,  by  the  same  cut  as  opened  up  the  facial  canal 
Its  outer  sweep  lies  about  1*5  mm.  above  the  horizontal  part  of 
the  facial  canal  and  parallel  to  it.  Its  depth  from  the  surface 
was  measured  from  the  points  h  and  c. 

From  h  the  average  distance  was  about  18*56  mm.,  the 
maximum  being  22  mm.  and  the  minimum  13*75  (this  last  in  a 
solid  mastoid). 


Distance  of  the  External  Se^nicirctdar  Canal  from  point  h. 
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From  the  point  c  the  average  distance  was  about  18*5  mm., 
the  maximum  being  20*5  mm.  and  the  minimum  16*25  mm. 

Distance  of  the  External  Semicircular  Canal  from  point  c. 
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SUHMABT. 

1*  The  facial  canal  lies  altogether  in  front  of  the  anterior 
border  of  the  mastoid  process,  and  a  drill  sent  straigM  in  from 
the  surface  of  the  mastoid  (point  h)  to  open  the  antrum,  camiot 
injure  the  nerve. 

2.  Measured  from  the  point  &,  and  along  a  line  sloping  slightly 
more  forwards  than  the  posterior  wall  of  the  meatus,  and  also 
slightly  upwards,  the  facial  canal,  in  43*3  per  cent  of  cases,  was 
more  superficial  than  the  external  semicircular  canal;  in  the 
same  percentage  of  cases  this  was  just  reversed,  and  in  the 
remaining  13*4  per  cent  they  were  the  same  distance  from  the 
surface  (at  h).  Thus  the  external  semicircular  canal  cannot  be 
taken  as  a  guide  to  the  depth  of  the  facial  nerve.  The  distance 
between  the  facial  and  the  semicircular  canals,  measured  in  the 
same  way  (i.e.,  from  the  point  b  slightly  upwards,  and  in  a 
direction  more  forwards  than  the  posterior  wall  of  the  meatus)} 
was  never  more  than  1*5  mm.,  except  in  one  case  where  the 
latter  was  4*25  mm.  more  superficial  than  the  former. 

3.  The  average  distance  of  the  facial  canal  from  the  point  h 
is  slightly  less  than  that  of  the  semicircular  canal  when  the 
measurements  are  made  to  corresponding  points  on  both  (t.e., 
points  on  the  same  perpendicular  line). 

4.  In  order  to  avoid  the  facial  canal  in  every  case  while 
drilling  the  mastoid  from  the  point  a,  the  drill-hole  must 
never  be  more  than  13  mm.  deep  if  it  is  horizontal  and  parallel 
to  the  posterior  wall  of  the  meatus. 

6.  From  the  point  b,  14*5  mm.  must  be  the  maximum  depth 
of  the  hole,  if  it  is  horizontal  and  parallel  to  the  posterior  wall 
of  the  meatus;  but  if  the  drill  or  chisel  be.  sent  in  mtj^  a 
stronger  inclination  forwards,  and  also  slightly  upwards,  the 
greatest  safe  depth  would  be  13'5  mm.,  as  in  one  of  the  speci- 
mens the  external  semicircular  canal  was  only  13*75  mm.  from 
this  point. 

6.  The  anterior  lip  of  the  bone  wound,  as  above,  is  the  point 
from  which  these  measurements  are  to  be  taken. 

7.  It  has  been  stated  that  the  points  a  and  b  are  imme- 
diately behind  the  meatus ;  but  on  account  of  the  gradual  way 
in  which  the  surface  of  the  mastoid  slopes  into  the  meatus,  and 
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US  the  drill  has  to  be  kept  parallel  to  the  posterior  wall  of  the 
meatus,  it  is  not  possible  to  make  a  drill-hole  nearer  to  this 
posterior  wall  than  about  3  mm.  In  other  words,  a  line  drawn 
inwards  from  either  a  or  h  parallel  to  the  posterior  wall  of 
the  meatus  will  be  about  3  mm.  distant  from  the  meatus — the 
measurement  being  taken,  of  course,  at  a  point  in  the  canal 
sufficiently  far  in  to  be  beyond  the  gradual  slope  leading  from 
the  mastoid  into  the  meatus. 

8.  In  removing  the  outer  wall  of  the  attic,  it  should  be 
remembered  that  the  external  semicircular  canal  is  almost 
always  (91  per  cent)  nearer  the  surface  of  the  skull  at  the 
point  c  than  the  facial  nerve;  but  as  it  is  about  1*5  mm. 
higher  than  the  latter,  it  is  almost  out  of  danger;  besides,  it 
has  a  thicker  covering  of  compact  bone  in  this  situation  than 
the  facial  nerve.  From  the  meatus  the  chisel  or  scoop  ought 
not  to  go  in  more  than  16*6  mm.,  or,  if  sent  in  very  high, 
16  mm.,  measured  from  the  point  c. 


CKANIOMETEIC     OBSERVATIONS     IN     THE     POST- 
'  MOKTEM     ROOM.      By    David    Watekston,    M.B., 
F.RC.S.E.,  Demonstrator   of  Anatomy,   Edinburgh   Uni- 
versity. ' 

OuB  knowledge  of  the  shapes  and  dimensions  of  skulls  has 
been  obtained  chiefly  from  measurements  of  dried  and  macer- 
ated specimens,  and  partly  from  measurements  of  the  head  in 
the  living  subject  The  latter  method,  however,  is  not  entirely 
accurate,  since  it  involves  the  use  of  external  surface-marks 
for  the  deeper  bony  points,  and  includes  the  thickness  of  the 
soft  tissues,  both  of  which  create  some  inaccuracies  in  the 
resulta  No  use  has  hitherto  been  made,  as  far  as  I  am  awar^ 
of  the  opportunities  afforded  by  post-mortem  examinations  for 
the  collection  of  craniometric  information.  But  any  accurate 
measurements  obtained  from  this  source  would  be  of  great 
value,  since,  at  the  same  time,  information  could  be  obtained 
regarding  the  character  of  the  brain  of  the  same  subject 
Combined  information  of  this  kind  is  essential  for  an  investiga- 
tion into  the  relationship  between  the  size  and  shape  of  the 
skull  and  the  associated  pattern  of  cerebral  convolutions,  and 
into  such  subjects  as  the  craniology  of  the  skulls  of  the  insane, 
since  macerated  skulls  of  such  a  kind  are  practically  unobtain- 
able, in  this  country  at  least 

The  practical  difficulties  have  hitherto  prevented  such  infor- 
mation being  obtained,  but  these  difficulties  do  not  form  an 
insuperable  obstacle ;  and,  at  the  suggestion  of  Dr  Ford 
Robertson,  of  the  Scottish  Asylums  Laboratory,  I  have  devised 
a  method  by  which  the  necessary  measurements  can  be  obtained 
at  an  ordinary  post-mortem  examination  without  much  trouble, 
and  without  any  additional  disfigurement  of  the  head,  and  thi& 
method  will,  I  trust,  be  of  use  to  anatomists  and  pathologists. 
The  difficulties  to  be  overcome  are  met  with,  first,  in  exposisg^ 
the  essential  bony  points ;  and,  second,  in  measuring  the  inter- 
vening distances. 

(1)  The  bony  points  on  the  vault  are  easily  accessible,  as  it 
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18  only  necessQlry  to  make  the  usual  transverse  incision  across 
the  head,  from  ear  to  ear,  and  to  reflect  the:  flaps  forwards  and 
backwards  a  little  further  than  usual,  so  as  to  expose  the  nasion 
in  front  and  the  occipital  point  behind.  The  temporal  muscle 
should  also  be  reflected  from  its  fossa  on  either  side. 

But  a  little  dissection  is  necessary  to  expose  the  point  on  the 
base  of  the  skull  from  which  measurements  of  the  hei^t  and 
of  the  prognathism  of  the  skull  require  to  be  taken,  and  the 
ordinary  calipers  are  of  a  shape  unsuitable  for  taking  the 
measurements. 

The  basion  is  best  reached  from  the  anterior  aspect,  where  it 
is  only  separated  from  the  pharyngeal  cavity  by  the  mucous 
membrane  and  some  ligamentous  bands.  The  mouth  should 
be  opened  to  its  full  extent,  and  the  posterior  wall  of  the 
pharynx  examined  with  the  forefinger,  and  the  bony  promin- 
ences there  carefully  identified.  At  the  level  of  the  hard 
palate  a  prominent  bony  transverse  ridge  is  readily  felt :  this  is 
the  anterior  arch  of  the  atlas  vertebra,  and  on  its  centre  is  a 
well-marked  tubercle.  About  half-an-inch  above  this  the 
pharyngeal  tubercle  of  the  basi-occipital  bone  ^is  felt,  and 
between  these  two  points  lies  the  basion.  A  sharp-pointed  knife 
is  now  to  be  passed  along  the  forefinger,  and  a  transverse  incision 
about  an  inch  and  a-half  in  length  made  between  the  bony 
points,  dividing  the  mucous  membrane,  the  anterior  ligament 
between  the  atlas  and  the  occiput,  and  the  fibres  passing  from 
the  odontoid  process  to  the  same  region.  In  fact,  the  under 
surface  of  the  anterior  margin  of  the  foramen  magnum  is  cleared, 
and,  practically,  this  is  found  to  be  a  very  easy  matter,  when 
the  bony  points  have  been  made  out.  As  a  preliminary,  it  is 
advisable  to  swab  out  the  mouth  with  a  small  sponge  moistened 
with  spirit,  and  a  rubber  glove  is  useful  in  protecting  the  hand 
from  any  sharp  edges  of  the  teeth,  without  seriously  affecting 
the  tactile  sense. 

(2)  In  taking  the  measurements;  a  suitable  kind  of  caliper 
must  be  used ;  and  the  form  of  instrument  devised  and  described 
by  Dr  Hepburn^  is  very  good,  as,  by  it,  measurements  of 
asymmetry  C€tn  be  taken. 

*  Hepburn,  Proc,  RoyaZ  Soc,  o/£din,,  vol.  xxii.,  1809. 
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An  additional  limb  must,  however,  be  used  to  take  Uis 
measure  men  tB  from  tha  baaion,  in  place  of  one  of  the  curved 
limba  of  this  instrument.  This  limb  must  be  shaped  bo  tbat 
its  free  end  can  be  brought  against  the  basion  from  the  rnonUi 
or  noae,  while  at  the  same  time  the  rest  of  the  instrument  is 
free  to  move,  so  that  the  other  limb  can  be  made  to  touch  the 
br^ma. 


Form  of  limb,  and  method  of  using,  in  nnmacenited  eknll. 

The  illustration  shows  the  shape  of  a  limb  suitable  for  thU 
purpose,  and  the  way  in  which  it  is  intended  to  be  used.  The 
limb  springs  horn  the  centre  of  the  socket  which  fixes  it  to 
the  calipet-bar.  The  conyex  side  of  the  limb  faces  the  opposite 
limb. 

The  terminal  straight  part,  or  beak,  is  the  part  applied  to  the 
basioD,  and  the  upper  edge  of  this  put  is  in  line  with  the  lower 
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edge  of  the  socket,  and  this  lower  edge  is  fixed  at  zero  on  the 
caliper. 

It  will  he  found  to  be  very  easy  to  pass  this  limb  along  the  floor 
of  the  nose  to  the  pharynx,  and,  with  the  forefinger  in  the  mouth, 
to  guide  the  beak  into  the  incision  on  the  pharyngeal  wall,  and 
to  fix  it  against  the  exposed  margin  of  the  foramen  magnum. 
The  beak  also  prevents  the  point  from  being  passed  too  far  in. 

The  shape  of  the  limb  allows  the  other  limb  to  be  brought 
to  the  bregma  without  interference  from  the  floor  of  the  nose ; 
but  if  the  bregma  be  unusually  far  forward,  the  lower  limb  may 
be  introduced  from  the  mouth,  which  overcomes  the  difficulty. 

The  head  of  the  subject  should  be  allowed  to  hang  over  the 
end  of  the  table,  so  as  to  increase  the  distance  between  the 
basion  and  the  atlas,  and  the  point  of  the  limb  be  kept  carefully 
against  the  floor  of  the  nose  while  being  introduced. 

The  basi-alveolar  length  is  measured  by  inserting  a  straight 
rod  into  the  mouth,  and  fixing  its  extremity  against  the  basion, 
aud  then  measuring  the  distance  from  this  point  to  a  point 
between  the  upper  central  incisor  teeth  on  the  alveolar  margia 

The  bfisi-nasal  length  should  be  taken  after  removal  of  the 
skull-K»ip  and  brain,  by  measuring  from  above,  using  the  special 
limb  described  to  fix  against  the  anterior  margin  of  the  foramen 
magnum  from  the  inner  side,  while  the  other  bar  is  brjought 
against  the  nasion,  after  removing  the  skull-cap,  and  taking  out 
the  brain. 

Finally,  the  capacity  of  the  skull  is  to  be  estimated,  by  filling 
the  skull-cap  and  the  base  qt  the  skull  with  lyater  (after  plugging 
the  apertures  with  putty),  and  measuring  the  amount  of  the 
fluid  contained  in  each  (according  to  the  method  of  Zanke).^ 
.  Dr  Sobertson  and  I  hav^,  in  this  way,  succeeded  in  taking  the 
measurements  of  several  skulls  in  the  post-mortem  and  in  the 
dissecting-rooms,  ^.nd  have  tested  its  accuracy  by  comparing  the 
results  of  independent  observations  on  the  same  skull  After  a 
slight  amount  of  practice,  we  found  that  the  figures  obtained 
were  practically  identical ;  and  this  has  led  us  to  believe  that 
the  method  is  capable  of  yielding  accurate  and  satisfactory  results, 
which  should  be  of  special  interest  when  combined  with  infor- 
mation regarding  the  brain  contained  within  this  measured  skull. 

^  Zanke,  Nieurologisches  CejUraJblaU,  No.  11,  Jane  1897. 


NINTH  REPORT  OF  THE  COMMITTEE  OF  COLLECTIVE 
INVESTIGATION  OF  THE  ANATOMICAL  SOCIETY 
OF  GREAT  BRITAIN  AND  IRELAND  FOR  THE 
YEAR  1898-99.    Reported  by  F.  G.  Pabsons. 

In  October  1898  the  following  subject  for  Collective  Investiga* 
tion  was.  sent  to.  the  various  anatomical  schools  in  the  United 
Kingdom:— 

'*  The  .positions  at  which  the  Internal  Circumflex,  Externa) 
Circumflex,  and  Perforating  Arteries  of  the  Thigh  arise." 

.  *  -  •  •  ■ 

Returns  were  received  from  the  following  gentlemen  : — 

D.  Waterston,  M.B.,  Edinburgh  University ;  Alex.  Low,  M3> 
Aberdeen  University;  H.  H.  Broome,  M.B.,  Owens  College,  Man- 
chester ;  W.  H. '  Wynn,  B.Sc, .  Mason  College,  Birmingham ;  L. 
Phillips,  M.B.,  St  Bartholomew's  Hospital ;  N.  Carpmael,  StThomas'a 
Hospital ;  Messrs  Stusser  and  Ham,  London  Hospital.^ 

In  compiling  this  Report  the  Editor  has  been  careful  not  to 
include  any  material  in  which  the  measurements  were  not  defi- 
nite and  which  was  not  accompanied  by  clear  and  satisfactory 
diagrams.  It  seemed,  better  to  run  the  risk  of  excluding  a 
large  quantity  of  valuable  statistics  than  to  render  the 
Report  useless  or  misleading  by  admitting  loose  and  inaccurate 
returns.  The  great  disadvantage  of  a  Collective  Report  is 
ttu^t  the.  Editor  is  not,  and  cannot  be  expected  to  be  responsible 
for.  the  .accuracy  of  the  data  on  which  he  works ;  hence  he  is 
either  obliged  to  incorporate  everything  which  is  sent  in,  or 
to  use  his  own  jtidgmei^t  iii  rejecting  material  which  appears  to 
him  inaccurate.  In  this  .Report  the  Editor  feels  fairly  sure  that 
the  statistics  used  are  reliable,  and  this  feeling  is  borne  out  by 
the  fact  that,  where  the  ground  covered  is  the  same,  the  averages 
tally  fairly  closely  with  those  of  previous  recorders. 

^  A  t^port  WES  reoeived  from  Dr  G.  J.  Pbtt^n,  of  ivinity  College,  Dubfin,  Imt 
unfbrtnnately  it  was  too  late  to  be  inqorpoiated. 
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Thb  Internal  Gircumflbx. 

The  internal  circumflex  was  observed  in  115  cases,  57  being  on  the 
Tight  side  and  58  on  the  left.  The  average  of  the  distances  between 
the  origin  of  the  artery  and  Poupart's  ligament  in  all  these  cases  was 
4*2  cm.,  or  rather  less  than  If  inches. 

It  will  be  seen  from  the  accompanying  tables  that  the  variation  in 
origin  is  practically  confined  to  a  space  some  5  cm.  long,  beginning 
4iboat  2  cm.  and  ending  about  7  cm.  below  Poupart's  ligament. 
By  a  curious  coincidence  the  average  for  the  right  and  left  sides 
worked  oat  at  the  same  figure,  viz.,  4*2  cm. 

Table  I. — Distance  of  Origin  of  Internal  Circumflex  from 
Poupart^s  Ligamentf  in  Centimetres, 

R. 


i 

6 


8       9      10 


8 


6 


8      9      10     11     12 


Although  the  artery  usually  rises  from  the  inner  side  of  the  common 
or  deep  femoral,  as  the  case  may  be,  there  is  evidence  that  it  may 
rise  from  any  part  of  the  circumference  of  the  trunk,  although  this 
point  was  not  paid  sufficient  attention  to  to  enable  us  to  draw  up  any 
definite  statistics.  In  1  case  the  artery  rose  from  the  front  of  the 
<iommon  femoral  artery  and  arched  over  the  front  of  the  common 
femoral  vein  instead  of  passing  behind  it.  In  2  cases,  both  on  the 
left  side,  the  internal  circumflex  rose  from  the  deep  epigastric  artery 
^these  have  not  been  included  in  the  previous  or  following  tables). 
In  4  cases  the  artery  was  double,  while  in  1  case  out  of  66  on  the 
right  side  (15  per  cent.),  and  in  4  out  of  60  on  the  left  (6*6  per 
jient.)  the  internal  and  external  circumflexes  rose  by  a  common 
trunk. 

J^t  has  already  been  pointed  out  that  the  average  point  of  origin  of 
the  internal  circumflex  in  these  observations  is  4*2  cm.  below 
Poupart's  ligament.  If  we  assume  that  the  average  point  of  division 
•Qf  the  common  femoral  is  1^  inches,  or  3*8  cm.,  below  the  same  place, 
we  should  be  led  to  the  conclusion  that  the  point  of  origin  of  the 
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internal  circumflex  is  from  the  deep  femoral  0'4  cm.,  or  less  than 
quarter  of  an  inch  below  the  bifurcation  of  the  common  femoral 
We  have,  fortunately,  a  considerable  number  of  actual  measurements 
of  the  distance  between  the  internal  circumflex  and  the  bifurcation  of 
the  common  femoral  with  which  to  check  this  conclusion. 


Ti^BLB  II. — Ditftance  of  the  Griffin  of  the  Internal  Circumflex  Artery 
from  the  Bifurcation  of  the  Commfjn  Femoral,  in  Centimetres. 

R.— ^Total  number  of  ObKervatiovs,  81. 


2      15      3      6 


13        21      20     4      2      4 


Number  of  obser- 
vations. 


I 
4 


I 
3 


I 
2 


I 
B. 


I 
1 


! 

2 


I 
3 


I 
5 


Above. 


Below. 


Distance  from  bi- 
furcation (B)  in 
centimetres. 


L. — Total  number  of  Observations,  76. 


3       I       3       4       6     15     24     11       4       3                1 

1 

Number  of  obser- 
vations. 

•               •                • 

•  •                «                •                ■                ■ 

•  ■                •               •                •                I 

•  •               -                                ... 

•               •               • 

•  ■              • 

•  •               • 

•              •                                 • 

1                i                1                1                1                        1                        1            ,    1                1                1                1 

54321          B.         12345 

Distance  from  bifur- 
cation (B)  in 

Above.                                        Below. 

centimetres. 

1 

From  the  foregoing  it  will  be  obvious  that  in  the  greater  number  of 
cases  the  internal  circumflex  arose  just  below  the  point  of  bifurcation. 
Out  of  the  81  observations  on  the  right  side,  the  artery  rose  from  the 
deep  femoral  in  51  (64  per  cent.),  from  the  common  femoral  in  17 
(21  per  cent.),  and  from  the  bifurcation  in  13  (15  per  cent.). 

Out  of  the  75  observations  on  the  left  side  the  artery  rose  from  the 
deep  femoral  in  43  (58  per  cent.),  from  the  common  femoral  in  17 
(23  per  cent.),  and  from  the  bifurcation  in  15  (1^  per  cent).     These 
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results  closely  agree  with  those  recorded  by  Buge,^  when  one  allows 
for  the  separate  group  of  arteries  rising  from  the  bifurcation. 


The  External  Circumflex. 

The  distance  between  the  origin  of  the  external  circumflex  and 
Poupart's  ligament  was  observed  in  119  cases,  59  on  the  right  side 
and  60  on  the  left.  The  average  of  the  distances  between  the  origin 
of  the  artery  and  Poupart's  ligament  in  these  119  cases  was  5*5  cm., 
or  nearly  2^  inches  (5 '4  cm.  on  the  tight  and  5*7  cm.  on  the  left). 

The  range  of  variation  will  be  seen  from  the  accompanying  tables : — 

Table  III. — Distance  of  Origin  of  External  Circumflex  from 
PouparVs  Ligament^  in  Centimetres, 


R. 


L. 


I    I     I     I 
0    12    3 


I      I      I      I      I      I 
4    5    6    7    8    9 


I      I      I      I      I      i      I      I      I      i 
0128456789 


From  the  foregoing  it  will  be  seen  that  the  external  circumflex, 
instead  of  rising  opposite  the  internal,  as  is  often  stated,  came  off  more 
than  a  centimetre  lower  down. 

With  regard  to  the  simple  question  whether  the  external  circumflex 
rises  above  or  below  the  internal  we  have  162  records  which  we  regard 
as  trustworthy ;  84  of  these  are  on  the  right  side  and  78  on  the  left. 
We  propose  to  divide  them  into  three  divisions. 


Table  IV. — Origin  of  the  External  Circumflex  Artery  with 
■  regard  to  that  of  tlie  Internal  Ciraumflex, 


I 

1 

R. 

l. 

A. — In  which  Ext.  Circomflex  rose  above  I.  G. 

B. — In  which  Ext.  Circamflex  rose  opposite  or 
in  common  with  I.  C. 

C. — In  which  Ext.  Circumflex  rose  below  I.  C. 

19  (23%) 

15  (18%) 
50  (69%) 

"(18%)    : 

20  (26%)      ; 

"(56%)  ; 

84 

78 

^  "Yarietaten  im  Gebeito  der  Arteria  f emoralis,'*  Jforp^^.  Jahrbuch,  1895, 
p.  217. 
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The  next  point  to  consider  is  the  relation  of  the  origin  of  the 
external  circninfiex  to  the  point  of  hifurcation  of  the  common  femoral 
artery.  On  this  point  we  have  163  observations,  84  on  the  right 
side  and  79  on  the  left  The  following  tables  show  the  variation 
which  occurred  in  the  material  at  pur  disposal 


Table  V. — Distance  betmeen  the  Origin  of  tlie  External  Circumfi&i 
Artery  and  tJie  Bifurcation  of  the  Common  Femoral  Artery, 

R. 


3      2     8      17     81     11     8      1 


Number  of  obeer- 
vatious. 


i  5 


I 

4 


I 
3 


I 
2 


I 
1 


Above. 


I 
B. 


I 
2 


I 
3 


I 
4 


I 
5 


r  y-" 

Below. 


Distance  from  bifur- 
cation (B) 
in  centimetres. 


L. 


3      13      7     25     16     6      3 


5     4      3    2 
Above. 


B. 


1      I 
6    7 


Below. 


Number  of 
observations. 


.     Distance  from 

f^l  bifurcation  (B) 

in  oentimeties. 


It  is  evident  from  these  that  the  artery  usually  rises  between  I  and 
3  centimetres  below  the  origin  of  the  profunda.  We  have  previously 
stated  that  the  average  of  the  distances  of  the  origin  of  119  external 
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circumflex  arteries  from  Poupart's  ligament  was  5*5  cm.,  so  that,  if 
we  assume  that  the  bifurcation  of  the  common  femoral  is  1^  inches,  or 
3'd  cm.,  below  that  ligament,  the  origin  of  the  external  circumflex 
would  work  out  at  1*7  cm.  below  the  bifurcation,  a  result  which 
tallies  very  well  with  the  arrangement  shown  in  Table  V. 

It  must  not  be  supposed  that  all  the  cases  recorded  in  Table  V.,  in 
which  the  external  circumflex  rose  below  the  bifurcation  of  the 
common  femoral,  were  cases  in  which  it  necessarily  rose  from  the 
deep  femoral ;  as  a  matter  of  fact,  in  quite  an  appreciable  number  of 
cases  it  rose  from  the  superficial  femoral.  To  express  this  point 
clearly,  it  may  be  well  to  tabulate  the  163  observations  again  in  the 
following  manner : — 

Table  Vl,^^  Arteries  from  whicJi  tJie  External  Circumflex  Rose, 


\ 
1 

1 

R. 

L. 

1 

.  Commoii  femoral. 

Point  of  bifurcation,           .        .                 .  j 

Deep  femoral,             

Saperficial  femoral, 

1 

7(8%) 

8  (9%) 

84  (77%) 

5(«%) 

7(8%) 
18(16%) 

66  (71%) 

8(4%) 

1 

1 

84 


79 


On  comparing  these  with  the  similar  statistics  of  the  internal  circum- 
flex, it  will  be  seen  that  the  external  circumflex,  rose  from  the  common 
femoral  much  less  frequently  than  the  internal  circumflex  did. 

The  number  of  cases  in  which  the  internal  and  external  circum- 
flexes rose  by  a  common  trunk  has  already  been  dealt  with  under  the 
head  of  the  internal  circumflex. 

The  external  circumflex  occasionally  rose  by  two  trunks,  and  these 
cases  have  not  been  recorded  among  the  163  observations  with  which 
we  have  lately  been  dealing. 

There  were  3  cases  of  a  double  artery  on  the  right  side  (3*5  per 
cent.)  and  6  on  the  left  (7  per  cent.). 


The  Perforating  Arteries. 

Unfortunately  a  large  proportion  of  the  observations  of  the  origins 
of  the  perforating  arteries  were  of  no  use  to  us,  owing  to  the  indefinite- 
ness  of  the  points  from  which  measurements  were  taken.  Many  of 
the  observers  measured  from  the  lower  edge  of  the  adductor  brevis  or 
pectineus,  or  other  points  which  we  have  no  means  of  fixing.  In  the 
Editor's  opinion  much  of  the  responsibility  for  this  rests  with  the 
Collective  Investigation  Committee,  of  which  he  was  a  member,  in 
that  it  did  not  definitely  state  where  it  wished  measurements  to  be 
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taken  from.  It  is,  however,  best  to  record  the  observations  which 
are  definite,  since,  few  though  they  are,  they  serve  to  give  some  idea 
of  the  place  where  the  origins  of  the  various  arteries  may  be  looked 
for. 

There  is  some  little  difficulty  in  deciding  on  what  should  be 
described  as  a  perforating  artery.  As  the  deep  femoral  runs  down 
behind  the  adductor  longus  it  gives  off  two  sets  of  branches,  an 
external  set,  which  pass  through  small  tendinous  arches  in  the 
adductors  quite  close  to  their  attachment  to  the  femur,  and  an 
internal  set,  which  often  alternate  with  the  first  set,  and  disappear 
in  the  substance  of  the  adductor  magnus  at  some  distance  from  the 
bone,  and  without  having  any  fibrous  aperture.  As  far  as  possible 
the  first  set  only  have  been  counted  as  perforating,  but,  unfortu- 
nately for  attempts  at  strict  classification,  one 'or  more  of  the  external 
set  are  sometimes  suppressed  and  their  work  done  by  the  muscular 
branches  of  the  internal  set,  which  in  these  cases  become  really  per- 
forating arteries,  their  only  characteristic  being  that  they  pierce  the 
muscles  at  some  little  distance  from  the  bone.  Any  attempt  to 
rigidly  confine  the  term  perforating  to  the  outer  set  only  would  lead 
to  difficulties,  since  it  sometimes  happens  that  nearly  all  of  the 
external  set  are  absent  or  rudimentary,  while  their  work  is  done  by 
arteries  which  perforate  the  muscles  at  some  little  distance  from  the 
bone.  The  Editor  has,  therefore,  been  obliged  to  use  his  own 
judgment  to  some  extent,  and  has  included  no  material  which  was 
not  accompanied  by  a  clear  diagram,  as  well  as  by  apparently  satis- 
factory and  definite  measurements. 

First  Perforating  Artery. 

There  are  56  observations  of  the  distance  of  the  origin  of  the 
first  perforating  artery  from  Poupart's  ligament,  27  on  the 
right  side  and  29  on  the  left.  The  average  distance  of  the 
whole  of  these  from  Poupart's  ligament  works  out  at  13  cm.,  or  about 
o  inches.  On  the  right  side  the  average  is  12*7  cm.,  on  the  left  13'3 
cm.  The  range  of  variation  will  be  seen  from  the  accompanying 
tables; — 

Table  VII. — Distaufie  of  Origin  of  First  Perforating  Artery  from 

Poupart^s  Ligament^  in  Centimetres, 

R.  L. 


I       I       I       i       I       I       I       i  I       I       I       I       I       I      I      I 

TO    11     12    13     14     15     16    17  10    11     12    13    U    15    16    17 

The   average    distance  of    the    origins  of    these   56  observations 
from  the  point  of  bifurcation  of  the  common  femoral,  works  out  at 
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$  cm.  (3}  iacbes);  7*8  cm.  on  the  right  side,  and  8*2  cm.  on  the 
left.    The  range  ef  variation  is  as  follows : — 

Tablb  VIIL— DwrfaTwre  of  the  Origin  of  tlie  First  Perforating  Artery 
from  the  Bifurcation  of  the  Common  Femoral,  in  Centimetres, 

R.  L. 


•                » 
-•                   ■ 

•          •              • 

•  m 
■m                    ■• 

•  •                     •                     • 

■ 

• 

• 
• 

m 
• 

• 
• 
■               • 

•               • 

i     1       1 
5      6 

1 
7 

1           1           1           1 

8      9      10     11 

1        1 
5 

1          1 

6       7 

1 
8 

1        1        1 
9      10    11 

1 
12 

In  by  far  the  greater  number  of  cases  the  first  perforating  artery 
perforates  the  adductor  magniis  and  adductor  brevis,  occasionally  it 
perforates  the  pectineus  also,  very  rarely  it  perforates  the  adductor 
magnus  above  the  insertion  of  the  adductor  brevis.  The  number  of 
cases  may  be  tabulated  in  the  following  way : — 

Table   IX* — Musdes  which  are  perforated  by  Hie  First 

Perforating  Artery, 


R. 


L. 


AddactOTs,  brevis  and  msgnua, 
Adductors,  brevis,  magnus,  and  pectinens, 
Adductor  magnus  only,     «... 


32(86-5%);     36(89-8%) 
4  (10-8%)        2  (5-1%) 
1  (2-7%)  2  (6-1%) 


37 


89 


Second  Perforating  Artery. 

There  are  56  observations  of  the  distance  of  the  origin  of  the 
second  perforating  artery  from  Poupart's  ligament;  26  on  the 
right  side,  and  30  on  the  left.  The  average  distance  of  the  whole 
of  these  from  Poupart's  ligament  works  out  at  16-8  cm.,  or  about  6;^ 
inches.  On  the  right  side  the  average  is  16 '6  cm.,  and  on  the  left 
17'1.     The  following  table  shows  the  range  of  variation : — 

Table   X. — Distance  «/  Origin  of  Second  Perforating  Arteuj  from 

Poupart^s  Ligament^  in  Centimetres, 


I       I      I       I       I       I       I       I       I       I       I       I       I 
10     11     12     13     14     15     16     17     18     19     20     21     22 


I        I        I        I        I        I        I        i        I        I        I        I        I 
10     11     12     13     14     15    16     17     18     19     20     21     22 
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The  average  distance  of  the  origin  of  the  second  perforating  artery 
from  the  bifurcation  of  the  common  femoral  in  these  56  cases  i& 
11 '9  cm.,  or  rather  less  than  5-  inches.  On  the  right  side  the 
average  is  11 '8  cm.,  and  on  the  left  12'cm«  The  range  of  yariation 
is  shown  in  the  following  table : — 

Tablb  XI. — Distance  of  Origin  of  Second  Perforating  Artery  froiHf 
Bifurcation  of.  Common  Femoral^  in  Centimetres. 


• 

• 
•              •              • 

i        ;        =        .        : 

■ 

1 

1 

1 

1       1 

1        1        1        1        ]        1        ( 

5 

6 

• 

7 

8      9 

• 

• 

•              •               • 

10     11     12     13     14     16     16 

•  • 

•  •                •               • 

•  ••••• 

•  ■               •               «               •                ■ 

I        I        I        I        I 
5      6      7       8      9      10     11     12     13     14     I'S    16 

In  the  greater  number  of  cases  the  artery  pierces  the  adductor 
brevis  and  magnus,  but  occasionally  it  perforates  the  magnus  below 
the  insertion  of  the  brevis. 

Tablb  XII. — Muscles  which  are  perforated  by  the  SecowJ 

Perforating  Artery, 


AdductorS)  magnus  and  brevis, 

•                * 

Adductor  magnus  only 

B. 

L. 

20(79-6%) 
6(20-4%) 

19  (68-5%)  ■ 
11  (86-5%) 

26 

30 

The  second  perforating  artery  occasionally  rises  by  a  common  trunk 
with  the  first  or  third,  or  even  with  the  first  and  third.  The  frequency 
of  these  arrangements  in  our  cases  was  as  follows : — 

Tablb  XIII. — Mode  of  Origin  of  the  Seroml  Perforating  Artenj. 


By  a  single  trunk, 

R. 

L 

1. 

18(69-3%) 

28  (76-8%) 

2. 

By  a  common  trunk  with  1st  perforating,     . 

5  (19-2%) 

2  (6-6%) 

8. 

By  a  common  trunk  with  3rd  perforating,    . 

8(11-5%) 

4  (18-3%) 

4. 

By  «  oommon  trunk  with  the  1st  and  3rd 
perforating 

• 

P 

1  (3-8%) 

26 

80 
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Third  Perforating. 

A  third  perforating  branch  from  the  profunda  is  not  always  present ; 
occasionally  the  second  perforating  may  form  the  terminal  branch; 
but  in  these  cases  there  are  usually  one  or  two  perforating  arteries 
from  the  superficial  femoral.  This  happened  once  on  the  right  side  in 
27  subjects,  and  once  on  the  left  in  29 ;  it  occurred  on  the  two  sides 
•of  one  subject. 

The  third  perforating  is  fairly  often  the  terminal  branch  of  the 
profunda,  so  that,  if  the  terminal  branch  is  included  as  a  perforating, 
there  may  be  two,  three,  four,  or  five  of  these. 

In  those  cases  in  which  the  third  perforating  is  the  terminal  branch 
of  the  profunda,  it  is  useless  to  give  the  point  at  which  it  comes  off, 
since  that  would  be  the  point  of  origin  of  the  second  perforating.  We 
shall  therefore  only  consider  the  origin  of  the  46  cases  (23  on 
each  side)  in  which  the  third  perforating  is  not  the  terminal 
i)ranch. 

The  average  distance  of  the  origin  of  the  artery  from  Poupart's 
ligament  in  these  46  cases  is  19*5  cm.,  or  rather  over  7  inches. 
On  the  right  side  the  average  is  19*8  cm.,  and  on  the  left  19*2  era. 

The  range  of  variation  is  very  great,  as  will  be  seen  from  the 
accompanying  table : — 

Table  XIV. — Distance  of  Origin  of  Third  Perforating  Artery  from 

Poupart's  Ligament^  iii  Ceritimetrea. 

R. 


i       I       I       1       i       I       I       I       I 
16     17     18     19  .  20    21     22    23     24 

L. 


I       I       I        I        I        I       I        I        I        1 
14     15     16     17     18     19     20     21     22     23 

The  average  distance  of  the  origin  of  the  third  perforating  artery 
from  the  bifurcation  of  the  common  femoral  is  14*3  cm.,  or  nither 
over  5^  inches.  On  the  right  side  the  average  is  14*6  cm.,  on  the 
left  14*1  cm.  The  range  of  variation  is  given  in  the  accompanying 
table : — 

Table  XV. — JDistance  of  the  Origin  of  the  Third  Perforating  Artet-y 
from  the  Bifurcation  oftJie  Camrnon  Femoral, 

B. 


I   I   I   I   i   I   I   i   I   I   I   I   I 
9   10  11  12  13  14  15  16  17  18  19  20  21 
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I         I        f        j        i        I        I        I        I        I        I        I        I 
9      10     11     12     13     14     15     16     17     18     19 

As  a  rule  the  third  perforating  artery  pierces  the  acldncter  magnn» 
only,  bat  in  a  certain  number  of  cases,  when  the  artery  i»  higher  than 
usual,  or  when  the  adductor  brevis  is  unusually  low,  it  may  pierce- 
both  adductors. 


Table  XVI. — Muscles  pierced  by  tfie  Tliird  Perforating  Artery, 


R. 


Adductor  magnus,    . 
Adductor  magnus  and  brevis,   . 


L. 


20  (77%) 
«(28%) 

22  (78-6%) ' 
6  (21-4%) . 

26 

28               i 

> 

Terminal  Branch  of  the  Profunda. 

The  terminal  branch  of  the  profunda  is  usually  the  fourth  per- 
forating artery,  but  it  may  be  the  third  or  the  fifth,  or  it  may  end  a& 
:a  muscular  branch  in  the  adductor  magnus  or  gracilis  without  perforat- 
ing at  all.  It  is  worth  while  calling  attention  to  the  ease  with  which 
one  of  the  muscular  branches  of  the  profunda  which  do  not  really 
pierce  the  abductor  magnus  may  be  mistaken  for  an  extra  perforating 
artery.  The  methods  in  which  the  profunda  femoris  ends  may  be 
tabulated  in  the  following  manner: — 

Table  XVII. — Methods  of  Termination  of  the  Profunda 


1.  As  the  third  perforating,      .... 

2.  As  the  fourth  perforating,     .... 

3.  As  the  firth  perforating,        .... 

• 

4.  As  a  muscular  branch,          .... 

R. 

l. 

8  (107%). 
19  (69-8%) 
1  (8-6%) 
S  (16%) 

7  (24%) 
18  (62-3%) 

1  (3-4%) 

8  (10-8%) 

28 

29 
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It  is  difficult  to  say  where  the  terminal  branch  of  the  profunda 
takes  origin,  but  we  have  a  certain  number  of  statistics  on  the  place 
where  it  perforates  the  adductor  magnus.  In  order  to  arrive  at  an 
average,  all  those  cases  have  been  excluded  in  which  the  artery  ended 
in,  but  did  not  really  perforate,  the  adductor  magnus,  and  also  all 
those  cases  in  which  the  third  perforating  formed  the  terminal  branch 
of  the  profunda.  Excluding  these,  there  are  38  records — 20  on 
the  right  and  18  on  the  left.  The  average  distance  of  the  point 
where  the  terminal  branch  of  the  profunda  pierces  the  adductor 
magnus  from  Poupart's  ligament  was  24*5  cm.,  about  9^  inches, 
or,  roughly  speaking,  about  the  middle  of  the  thigh.  On  the 
right  side  it  was  24*9  cm.  from  Poupart's  ligament,  on  the  left 
24  cm.  Occasionally  the  last  perforating  passes  through  the  opening 
in  the  adductor  magnus  for  the  superficial  femoral  artery,  and  in  one 
case  was  as  much  as  41  cm.  below  Poupart's  ligament.  The  range  of 
variation  is  very  great,  as  will  be  seen  from  the  accompanying 
table : — 

Table  XVIII. — Distance  of  the  Point  of  Perforation  of  tJiP  Terminal 
Branch  of  the  Profumla  from  Poupart^s  Ligament. 

R. 


I   )   1   I   I   1   i   I   I   I   I   1   I      I 
19   20  21  22  23  24  25  26  27  28  29  30  31      41 

L. 


■  p  I   I   I   I   I   I   I   I   I   r 

19  20  21  22  23  24  25  26  27  28  29 

Summary. 

The  result  of  this  investigation  may  be  briefly  summed  up  as 
follows : — 

1.  The  internal  circumflex  is  usually  the  first  branch  of  the 
profunda,  and  rises  just  below  the  commencement  of  that  vessel, 
If  inches  from  Poupart's  ligament. 

2.  The  external  circumflex  usually  rises  about  half  an  inch 
further  down. 

3.  There  are  usually  four  perforating  arteries,  including  the 
terminal  branch  of  the  profunda. 

4.  The  first  perforating  artery  usually  rises  about  5  inches 
below  Poupart's  ligament,  and  2f  inches  below  the  origin  of 
the  external  circumflex.  As  a  rule,  it  pierces  the  adductor 
magnus  and  brevis. 
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5.  The  second  perforating  artery  usually  rises  about  1^  inch 
below  the  origin  of  the  first,  or  6J  inches  below  Poupart's 
ligament.  In  about  three-quarters  of  the  cases  it  pierces  the 
adductor  m£^us  and  brevis. 

6.  The  third  perforating  artery  rises,  as  a  rule,  about  J  inch 
below  the  second,  or  7  inches  below  Poupart's  ligament  In 
more  than  three-quarters  of  all  cases  it  pierces  the  adductor 
maguus  only. 

7.  The  fourth  perforating  artery  is  usually  the  terminal 
branch  of  the  profunda,  and  pierces  the  adductor  maguus  about 
9i  inches  below  Poupart's  ligament,  or,  roughly  speaking,  about 
the  middle  of  the  thigh. 

8.  All  the  perforating  arteries  will  usually  be  found  in  the 
middle  third  of  the  thigh,  though  the  origin  of  the  first  is  a 
little  higher. 

9.  Sex  seems  to  exert  little  or  no  efifect  on  the  origins  of 
the  branches  of  the  profunda. 

10.  The  side  of  the  body  seems  also  to  have  little  influence 
though  in  many  cases  it  will  have  been  seen  that  the  arteries 
on  the  left  side  come  off  a  little  lower  than  those  on  the  right* 


AN  AUSTRALIAN  SKULL  WITH  THREE  SUPER- 
NUMERARY UPPER  MOLAR  TEETH.  By  Prof. 
Sir   Wm.   Turnkb,   F.R.S. 

I  HAVE  from  time  to  time  recorded  cases  of  supernumerary 
teeth  in  man.  In  this  Journal,  vol.  xii.  p.  142,  I  described  in 
a  Scotsman  a  supernumerary  incisor  situated  between  the  upper 
central  incisors ;  and  in  vol.  xxvi.  p.  60,  an  African  skull,  from 
the  Gambia,  in  which  a  pair  of  supernumerary  teeth  were  inter- 
<»lated  in  the  molar  series,  opposite  and  internal  to  the  interval 
between  the  1st  and  2nd  true  molars.  Also  in  my  CJudlau/er 
Report,  vol.  xxix.,  1884,  an  Australian  skull  in  which  a  tooth 
occupied  a  cavity  in  the  palatal  plate  of  the  left  superior 
maxilla  close  to  the  mesial  suture,  and  another  Australian 
«kull  in  which  a  supernumerary  tooth  was  placed  immediately 
behind  the  left  upper  wisdom  tooth. 

In  July  1899  I  received  from  Dr  W.  Ramsay  Smith  of 
Adelaide,  the  skull  of  an  old  aboriginal  Australian,  whicli, 
owing  to  the  peculiarity  in  the  dentition,  he  presented  to  the 
Anatomical  Museum  of  the  University.  The  left  side  of  the 
skull  showed  an  extensive  comminuted  fracture,  which  was 
said  to  have  been  purposely  produced  by  a  blow  from  a  waddy, 
owing  to  the  man  being  unable  to  keep  up  with  the  tribe  in  its 
migrations.  The  skull  was  obtained  at  Morambro  Station,  thirteen 
miles  from  Naracoorte,  in  the  S.E.  of  South  Australia. 

The  general  characters  of  the  skull  were  those  of  an  aged 
man.  The  cranial  sutures  were  extensively  obliterated.  In  the 
lower  jaw  all  the  molars  had  been  shed  some  time  before  death, 
and  the  corresponding  alveolar  border  had  been  absorbed.  The 
incisor  and  canine  sockets  were  present,  though  their  teeth  had 
been  lost  before  ttie  skull  reached  me.  In  the  upper  jaw  the 
incisors  had  also  dropped  out,  but  the  sockets  were  left,  the 
♦canines  and  bicuspids  were  worn  down  to  stumps,  and  the  true 
molars  were  flattened  from  use  on  the  grinding  surface. 

Behind  the  ri^ht  upper  wisdom  tooth  was  a  shallow  socket  in 
which  had  been  lodged  a  small  supernumerary  molar. 
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Behiud  the  left  upper  wisdom  were  two  sockets^  m  each  of 
which  a  superuumerary  molar  was  contained.  The  m«re  ante- 
rior of  these  teeth  had  erupted,  and  was  directed  obfiquely 
backwards,  immediately  behind  the  left  wisdom.  Its  crown 
measured  6  mm.  in  diameter,  both  antero-posteriorfy  and  trans- 
versely, and  it  was  partly  destroyed  by  caries.  It  waft  much 
smaller  than  the  crown  of  the  proper  wisdom  tooth,  which 
measured  11  mm.  in  transverse  by  9  mm.  in  antero-posterior 
diameter.  The  fang  was  single  and  short,  and  its  socket  wafr 
simple,  like  that  of  the  corresponding  supplementary  molar  on 
the  right  side.  Immediately  behind  the  left  supplementary 
molar  was  a  second  additional  tooth  which  had  not  cut  the 
gum.  It  was  lodged  in  an  alveolus  in  the  tuberosity  at  the- 
posterior  end  of  the  dentary  border  of  the  superior  maxilla. 
When  the  outer  wall  of  the  socket  was  removed,  the  tooth  was 
seen  to  be  10  mm.  long  by  5  mm.  in  width ;  the  fiang  was- 
single,  and  the  free  surface  of  the  crown,  quite  unworn,  waa 
irregularly  cuspidated.  The  presence  of  the  nont-erupted  sup- 
plementary left  molar  led  me  to  opeu  into  the  tuberosity  of 
the  right  superior  maxilla,  to  see  if  it  also  contained  a  cavity 
and  tooth,  but  without  result,  as  only  the  cancellated  tissue  of 
the  bone  was  exposed. 

From  the  series  of  specimens  which  I  have  recorded,  it  is 
obvious  that  the  upper  jaw  is  much  more  freqjuently  the  seat 
of  supernumerary  teeth  than  is  the  mandible.. 
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VI. 

By  E.  Barcijiy-Smith,  M.D. 

John  Halle:  A  Sixteenth  Century  Anatomist. 

The  "  Compendious  work  of  Anatomie,  more  utile  and  profitable- 
than  any  heretofore  in  the  Englyfhe  tongue  publyfhed,"  annexed 
to  Mr  John  Halle's  "  A  most  excellent  and  learned  woorke  of 
Chirurgerie,"^  is  perhaps  the  earliest  anatomical  treatise  written 
by  an  Englishman,  and  published  in  England,  now  existent. 
Halle  is  far  from  being  the  earliest  English  anatomical  writer 
of  whom  we  have  record.  Bartholomew  the  Franciscan 
(Glanville  ?),  John  the  Englishman  (Gadesden),  William  Her- 
man, the  vice-provost  of  Eton,  Thomas  Geminus,  the  eminent 
engraver,  and  Thomas  Vicary,  surgeon  to  four  successive 
sovereigns,  all  take  precedence.  Their  works,  however,  were  in- 
some  cases  never  published  in  England;  and  of  the  English 
treatises  they  are  all,  with  the  exception,  perhaps,  of  Vicarj^'s 
"  Profitable  treatise  of  the  Anatomie  of  man's  body,"  mere  tran- 
scripts from  the  classical  anatomists ;  Hippocrates,  Galen, 
Avicenna,  Vesalius,  etc.,  being  directly  copied. 

Vicary 's  profitable  treatise  first  saw  the  light  in  1548.  In 
1577,  fifteen  years  after  his  death,  it  was  republished  by  the 
surgeons  of  the  hospital  of  which  Vicary  was  such  a  distinguished 
member,  viz.,  St  Bartholomew's.  Vicary,  however,  has  been  the 
victim  of  the  fate  which  has  befallen  so  many  sixteenth  century 
writers.  The  first  edition  has,  as  far  as  I  know,  been  wiped  ofif 
the  face  of  the  earth  ;  while  Dr  Furnivall  states  in  his  preface 
to  the  reprint  of  the  second  (1577)  edition,  published  by  the 
Early  English  Text  Society  in  1888,  that  it  was  made  from  the 
unique  copy.  A  second  copy  of  this  valuable  book  made  ita 
appearance  a  few  years  since  in  the  University  Library  of  Cam- 

'  "  A  translation  of  the  Chirnrgia  parva  of  Lanfranc." 
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bridge,  one  of  the  many  valuable  additions  resulting  from  the 
Adams  bequest. 

Our  1565  edition  of  Halle,  though  it  cannot  boast  of  being 
much  more  than  a  compilation,  yet  contains  many  original 
reflections,  and  is  not  a  mere  translation  of  the  works  of  the 
classical  anatomists. 

How  this  work  first  made  its  appearance  is  a  matter  of  consi- 
derable doubt.  James  Douglas,^  whose  valuable  bibliographical 
researches  have  won  a  greater  meed  of  recognition  on  the 
Continent  than  in  his  own  country,  states  that  Halle  published 
a  quarto  work  of  Anatomy,  consisting  of  96  pages,  in  London, 
1565,  with  the  following  title : — 

"  A  very  fruitfuU  and  neceffary  work  of  Anatomy ^  or  diffect'um 
of  the  Body  of  Man^  compendioufly  showing  the  Natures,  Forms, 
and  Offices  of  every  member  from  the  Head  to  the  Feet,  with  a 
commodious  Order  of  Notes  leading  and  guiding  the  Chirurgeon^s 
Hand  from  ail  Offence  and  Error  in  right  way  of  perfect  and 
cunning  operation;  compiled  in  three  treatises ;  more  ufefid 
and  profitable  than  any  heretofore  in  the  Englifh  tongue 
publifhedP 

Douglas  adds  that  this  anatomical  treatise  is  also  to  be  found 
at  the  end  of  Halle's  translation  of  Lanfranc's  Surgery, 

It  is  somewhat  remarkable  that,  assuming  Douglas  to  be 
correct  in  his  statement,  the  anatomical  treatise  of  John  Halle 
should  have  been  published  twice  in  one  year.  There  is  some 
resemblance  in  the  titling  of  the  two  works,  and  further,  the 
anatomical  section  of  the  "  most  excellent  and  learned  woorke  " 
occupies  exactly  96  pages,  and  is  compiled  in  three  treatises. 
I  have  searched  diligently,  and  I  can  guarantee  that  the  book 
furnishes  no  internal  evidence  of  the  anatomical  treatise  having 
been  published  separately.  It  is  possible,  of  course,  that  the 
anatomical  section  was  reprinted  the  same  year,  and  published 
with  a  new  title,  but  of  the  existence  of  such  a  reprint  I  can 
glean  no  direct  evidence ;  the  book  is  not  to  be  found  in  the 
■catalogues  of  any  of  the  great  libraries.  Indirect  evidence  there 
is  in  plenty :  the  title  of  the  book,  usually  much  abbreviated,  is 
<2()pied  from  one  bibliography  to  another,  and  unfortunately  not 

^  Bihliogmphuc  AncUomicw  Spt'ciiiicn,  London,  1716,  p.  103. 
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always,  as  the  sequel  will  show,  with  that  scrupulous  care  which 
it  behoves  a  bibliographer,  of  all  men,  to  exercise. 

I  was  much  puzzled  in  finding  in  Watt's  ^  list  of  writers  on 
anatomy,  one  John  Hallaway.     I  eventually  found  this  title  ; 

ffaiiaway.     Fruitful  and  necessary  work  on  Anatomy, 

Compare  the  foregoing  with  Hallers^  entry  concerning  the^ 
same  author, 

Hallaway  fruitful  and  neceffary  work  on  Anatomy, 

and,  finally,  Haller's  entry  with  that  of  Douglas, 

Hajl  a  very  fruitful  and  neceffary  work  on  Anatomy, 

and  the  process  of  evolution  whereby  this  early  English- 
anatomist  sprang  into  existence  is  obvious.  Mind,  I  do  not 
accuse  Mr  Haller  of  being  the  original  culprit,  and  there  are 
steps  in  the  process  of  this  titular  manufacture  which  I  believe 
are  wanting,  and  which  I  am  endeavouring  to  find. 

The  anatomical  armament  which  Mr  Halle  provides  for  the 
youthful  surgeon  is  not  very  extensive,  compendious  though  he 
describes  his  work  to  be.  Whether  his  book  was  widely  read 
or  not,  I  cannot  say ;  but  it  soon  withered  and  died,  and  sub- 
sequent editions  were  not  forthcoming  from  his  publishers.  A 
very  different  fate  from  that  which  befell  Vicary.  His  treatise^ 
seems  to  have  been  the  text-book  on  the  subject  for  at  least 
100  years,  and  passed  through  edition  after  edition,  the  ninth 
making  its  appearance  in  1641.^ 

As  far  as  intrinsic  merit  is  concerned,  I  think  this  fate  was 
ill  deserved,  and  that  the  palm  of  merit  should,  of  the  two,  be 
awarded  to  Halle.  His  descriptions,  borrowed  though  they  may 
have  been,  are  in  manv  cases  more  reliable  than  those  of 
Vicary,  his  quotations  from  classical  authorities  are  more 
numerous,  and  he  is  obviously  the  more  widely  read  man  of 

^  Biblio^aphica  BrUannica^   vol,    i.    p.    459,   and  vol.   iii.   (nnder  subject 
'  Anatomy  *). 

'^  BiUiotheca  AnaUnnicaj  vol.  i.  p.  233. 

'  The  reason  for  this  is  not  far  to  seek.  Halle  was  probably  a  comparatively 
obscure  provincial  surgeon  practising;  at  Maidstone,  while  Vicary  was  one  of  the 
best  known  surgeons  of  his  day.  He  was  not  only  the  first  Master  of  the  Barber 
Surgeons,  but  he  was  attached  to  the  Courts  of  no  less  than  four  reigning, 
monarchs — Henry  YIIL,  Edward  VI.,  Mary,  and  Elizabeth. 
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the  two.     A  few  extracts,  taken  at  haphazard  from  the  two 
authors,  will  serve  to  support  this  contention. 

Thus  concerning  the  description  of  the  proximal  bones  of  the 


tarsus : 


ViCARY. 


Fyrst,  next  the  ankle  bone  is  one, 
called  in  Latin  Orubalistus :  ^  next 
under  that  towardes  the  Heele  is  one 
called  Calcany :  and  betwene  them  is 
another  bone  called  Os  nauculare. 


Halle. 

Unto  the  Malleoli  is  knytte  a  bone 
called  in  greke  Aftragalos,  and  in  latine 
Talus.  Next  unto  thefe  behind  is  joped 
the  hele  bone,  called  of  the  Grecians 
Pternan,  of  the  latines  Os  Gilcis,  or 
Calcaneum.  Then  nexte  before  is  the 
infteppe  bone  called  (of  hys  forme)  the 
ihiplike  bone,  and  therefore  in  greke 
Scaphoeides,  and  in  latine  Nauiforme. 


The  path  of  exit  for  the  semen  is  described  thus : 


ViCARY. 

The  Yard  is  an  official  member :  and 
it  hath  in  it  two  pafTages,  or  principall 
iffues,  one  for  the  Sperme,  aikl  another 
for  the  Urine. 


Halle. 

The  fede  is  carrj'ed  to  the  yarde,  and 
there  and  thence,  throughe  the  urine 
paflage  out  of  the  fame,  etc.  Leafte 
anye  man  fhoulde  judge  two  paflages 
to  belonge  to  the  fame  :  one  for  fperme, 
and  an  other  for  urine.  Yet  are  there 
not. 

It  seems  as  if  Halle  must  have  been  acquainted  with  Vicary's 
description,  as  he  almost  goes  out  of  his  way  to  correct  the 
erroneous  impression  conveyed  by  the  latter. 

Again,  Vicary  regards  the  two  clavicles  and  the  manubrium 
stemi  as  together  constituting  one  skeletal  element,  while 
Halle  recognised  their  independence: 


Vicary. 

And  this  cannell  bone  ftretcheth  to 

both  the  fhoulders:    One  end  to  the 

one  fhoulder,  and  another  to  the  other, 

and   there  they  make  the  compofition 

•of  the  fhoulders. 

And  in  the  upper  end  of  Thorax  is  an 
hole  or  a  concavity  in  which  is  fet  the 
foot  of  the  Furkle-bone  or  Cannel- 
bone. 


Halle. 

In  the  former  parte  of  the  fhoulder, 
is  ordained  a  bone  called  Clauis,  os 
jugulum,  in  greke  Cleis,  and  in  Eogliih 
ye  furcule  or  canel  bone,  which  is  tyed 
with  the  broade  bone.* 

Under  the  throte  are  oideincd  the 
ii.  bones  called  Claues.  And  the}'  are 
faftened  at  the  one  end  in  the  fhoolder. 
At  the  other  end  they  are  faftened 
together  with  the  uppermofte  parte  of 
the  breft.' 


^  Astragalus.  '^  Scapula. 

^  The  two  descriptions  of  the  clavicle  are  taken  in  both  cases — the  former  from 
the  account  of  the  bones  of  the  shoulder  (Vicary,  p.  49  ;  Halle,  p.  60),  the  latter 
from  that  of  the  bones  of  the  chest  (Vicary,  p.  56  ;  Halle,  p.  66). 


ARCH^OLOGIA  ANATOlrflCA. 


279 


Vicary's  description  of  the  stomach  will  undoubtedly  appeal 
to  the  topographical  anatomist,  while  Halle's  will  delight  the 
«oul  of  the  physiologist. 


ViCARY. 

It  hath  the  Liver  on  the  right  side, 
■chafing  and  beating  him  with  his  lobes 
or  figures :  and  the  Splene  on  the  left 
fide,  with  his  fatnede  and  VeyneSy  fend- 
ing to  him  Melancholy,  to  exercife  his 
appetites  :  and  about  him  is  the  h^art, 
•quickening  him  with  his  Artiers :  Alfo 
the  Braine  fending  to  him  a  Branch  of 
Nerues  to  give  him  feeling. 


Halle. 

The  Stomache  is  called  the  fyrfte 
vefTel,  wherein  nature  maketh  and  ful- 
filleth  her  firfte  naturalle  dygeftion. 
Wherefore  it  is  called  the  cheft  or  ftore 
houfe,  for  all  the  meat  l)el^ng  to 
the  body,  and  the  cooke  alfo  which 
dreffeth  meat  for  all  partes  of  the 
bodye :  for  in  the  bothome  of  the 
ftomache  is  made  principally  the  digesf- 
tion,  whereby  all  the  members  of  the 
body  do  growe,  and  are  nourifhed. 


Halle's  anatomy  is  enriched  by  two  full-page  woodcuts  of  the 
nude  male  figure,  viewed  from  in  front  and  behind  respectively. 
The  engraving  is  coarse,  and  the  drawing  is  execrable ;  but  the 
plates  are  inoffensive  enough.  They  appear  twice,  the  first  time 
printed  on  either  side  of  the  same  sheet,  the  second  time  on 
opposing  pages.  In  my  own  copy  some  squeamish  vandal 
eliminated  the  former,  and  stuck  the  latter  together  with  some 
particularly  vile  mucilage ;  while  some  subsequent  curious,  but 
not  sufficiently  appreciative  owner  tore  the  pages  apart  again 
with  somewhat  disastrous  results.  The  copy  in  the  University 
Library  of  Cambridge  has  inscribed  on  the  title-page,  "  Hie 
liber  pertinet  ad  Aulam  Barbitonfor  ac  Chirurgor  London  ex 
dono  Johis  Halle,  156(8  ?)."  ^  It  consequently  possesses  an  addi- 
tional value  in  (probably)  containing  the  autograph  of  the  author. 

The  anatomical  treatise  forms  but  a  small  part  of  Mr 
Halle's  book.  There  is  much  prefatory  and  dedicatory  matter. 
The  surgical  treatise  is  followed  by  the  "  Antidotary,"  a  collec- 
tion of  weird  prescriptions,  and  the  "  Interpretative  Table " — 
a  gloBsarial  index  of  drags  and  diseases. 

The  advice  he  gives  to  young  surgeons  is  not  confined  to  the 
practical  work  of  their  subject:  he  preaches  medical  ethics 
and  a  godly  life.  No  operation  of  a  serious  nature  must  be 
undertaken  without  appeal  to  divine  guidance;  and  he  brings 

^  This  book  belongs  to  the  baU  of  the  Barbers  and  Surgeons  of  London,  the 
gift  of  John  HaUe.  The  date  is  somewhat  indiBtinct,  and  I  am  a  little  doubtful 
as  to  whether  the  Hnal  nnmeral  is  5  or  S. 
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his  work  to  a  conclusion  with  "a  praier  to  be  used  of  the  good 
chirurgeon  before  he  concludes  to  take  in  hande  the  curation  of 
any  harde  and  difficulte  thing/*  This  prayer  is  not  remarkable 
for  its  brevity.  It  is  to  be  hoped  that  strangulated  hernias 
were  practically  unknown,  and  that  the  necessity  for  per- 
forming tracheotomy  did  not  frequently  arise  in  Mr  Halle'a 
practice. 

Halle  was  a  provincial  surgeon  practising  at  Maidstone,  and 
was  much  vexed  in  spirit  by  the  peripatetic  quacks,  sooth- 
sayers, and  sorcerers  for  whom  Maidstone  seems  to  have  been  a 
particularly  favourite  house  of  call.  Halle  apparently  suffered 
both  in  pocket  and  reputation  at  the  hands  of  these  gentry,  and 
he  uses  his  book  as  a  vehicle  for  a  round  of  abuse  at  their 
expense — "An  historiall  expostulation,"^  as  he  terms  it  He 
vents  his  anger  in  language,  if  not  eloquent,  at  least  forcible, 
calling  his  visitors  beastly  deceivers,  hellhounds,  devilish  beasts, 
detestable  deceiving  sorcerers,  vile  abusers,  hellish  beguilers, 
ignorant  beasts,  ruffians,  vagabonds,  and  by  other  gentle  terms. 

His  book  proves  Halle  to  have  been  of  a  loquacious  tempera- 
ment, and  his  loquacity  on  one  occasion  nearly  cost  him  his 
life. 

"There  reforted,"  says  Halle,  "unto  Maydftone  one  Robert  Haris. 
Well  for  jeftyng  a  lyttell  agaynfte  the  madnes  of  thys  deceauer,*  I 
hadde  a  dagger  drawne  at  me  not  longe  after.  The  wordes  that  I 
fpake  were  to  his  hoftes,  when  I  fawe  him  goe  by,  in  this  wyfe. 

Is  this  (quoth  I)  the  cunyng  fothfayer,  that  is  fayde  to  lye  at  your 
house  1 

Sothefayer,  quod  fhe:  I  knowe  no  fuche  thynge  by  him,  there- 
fore ye  are  to  blame  fo  to  name  him. 

Why,  quod  I,  fuche  men  and  fuche  enformed  me  that  he  can  tell 
of  thynges  lofte,  and  helpe  children  and  cattel  bewitched  and 
forfpoken,  and  can  tell  by  lokyng  in  one's  face,  what  markes  he 
hathe  on  his  bodie,  and  where,  and  tell  them  what  they  haue  done, 
and  their  fortune  to  come. 

Yea  and  all  this  in  dede  he  can  doe,  quod  she. 

Why  then  he  is  a  Sothefayer  and  a  Sorcerer,  quod  I. 

Well,  quod  fhe,  yf  he  haue  fo  muche  cunnyng  in  his  bellye^  he  is 
the  happyer,  and  it  is  the  more  joye  of  hym. 

^  Keprinted  by  the  Percy  Society  ;  vide  "  Publications,"  vol.  xi 
*^  Deceiver. 
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Nay,  quod  I,  it  were  mere  folyfhnes  for  hym  to  carye  his  cunnynge 
in  his  bellye. 

And  why,  quod  fhe. 

Why,  quod  I,  thynke  you  that  men  of  leming  and  knowledge 
carry  their  cunnyng  in  their  bellies. 

Wher  els,  quod  fhe,  and  why  not. 

Mary,  quod  I,  yf  he  fhould  beare  his  cunnyng  there,  he  fhould 
alwayes  wafte  it  when  he  went  to  the  priuye,  and  fo  in  time  he  fhould 
lose  all  his  cunnyng. 

Thys  beyng  merylye  spoken :  turned  me  afterwards  not  to  a  litle 
difpleafure,  even  at  their  handes,  where  I  had  deferued  and  loked 
for  friendfhip  as  of  dutie." 

Halle,  like  many  of  the  medical  writers  of  his  age,  was  bitten 
with  an  inexpressible  desire  to  sing.  He  bursts  into  poetry  on 
the  slightest  provocation.  The  following  effusion,  sounder,  per- 
haps, in  its  advice  than  in  its  metre,  may  serve  as  a  fitting  con- 
clusion to  this  review. 

**  But  chieflye  the  Anatomye 
Ye  oughte  to  underftande : 
If  ye  will  cure  well  anye  thinge, 
That  ye  doe  take  in  hande. 

For  by  the  fame  aboue  the  reft, 

Ye  fhall  greate  fame  deferue, 
The  life  of  man  from  manye  ftreightes, 

To  saue  and  well  preferue. 

withoute  the  knowledge  of  whyche  arte, 

thou  canfte  not  chofe  but  erre  : 
In  all  that  thou  fhalte  goe  aboute 

Thy  knowledge  to  preferre : 

As  if  ye  cutte  or  cauterize, 

Or  ufe  Phlebotomye : 
Ye  can  not  but  erre  in  the  fame, 

withoute  Anatomye. 

He  is  no  true  Chirurgien 

That  can  not  fhewe  by  arte, 
The  nature  of  eurye  member, 

Eche  from  other  aparte. 
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For  in  that  noble  handye  worke, 
There  dothe  nothinge  excell, 

The  knowledge  of  Anatomye, 
If  it  be  learned  well. 

Endeuoure  therefore  by  all  meanes, 
The  fame  to  knowe  and  cunne, 

For  when  thou  hafte  it  perfectlye, 
Thine  arte  is  halfiye  wunne. 

For  thereby  fhalt  thou  underftande, 
Of  eche  member  in  dede, 

Their  nature  and  their  offices, 
And  howe  they  doe  procede. 

And  unto  what  good  ufe  they  feme, 
As  well  the  leafte  as  mofte, 

And  by  their  hurte  Prognofticate, 
what  action  will  be  lofte. 

whereby  of  knowledge  and  greate  fkill, 
Thou  fhalt  obteine  the  brute, 

And  men  to  thee  in  generall, 
For  helpe  fhall  make  their  fute. 

wherfore  all  honour,  laude  and  praife. 

To  God  afcribed  be, 
The  Father,  Sonne,  and  holye  Ghofte, 

One  God  and  perfonnes  three." 


Hottrts  of  ileto  IWohs 


Le  Systhfie  Nerveux  CptUral,  Strw-tut-fi  et  Forictions,  Histoirp  Critupie 
ffea  Theories  et  ties  DoctritieSy  par  Julbs  Sourv.  Paris  :  G. 
Carr£  etc.  Naud.     1899. 

Thb  impetus  given  in  France  to  the  study  of  the  Nervous  System 
by  th9  anatomical,  pathological,  and  clinical  writings  of  the  late  1  )r 
Charcot,  and  by  the  comparative  anatomical  investigations  of  the  late 
Professors  Gratiolet  and  Paul  Broca,  has  not  been  exhausted  by  the 
deaths  of  these  eminent  men.  In  our  twenty-ninth  volume  we  called 
attention  to  the  first  volume  of  an  important  treatise  on  the  Anatomy 
of  the  Nerve  Centres,  by  I)r  J.  Dejerine  and  his  accomplished  wife, 
which  from  the  clearness  of  the  description,  and  the  beauty  of  the 
illustrations,  constituted  an  important  contribution  to  our  knowledge 
of  this  difficult  department  of  anatomical  study. 

During  the  year  1899,  Dr  Jules  Soury  has  published  the  elaborate 
treatise  named  at  the  head  of  this  article.  The  first  part  consists 
of  a  summary  of  the  progress  of  knowledge  of  the  structure  and 
functions  of  the  organs  of  life  and  of  sensibility  and  thought  from 
the  time  of  the  early  Greek  authors  to  the  present  day,  as  developed 
in  the  writings  of  anatomists,  physiologists,  and  mental  philosophers. 
Like  the  greater  number  of  scientific  treatises  in  the  French  language, 
it  is  written  in  so  lucid  a  style  that  it  can  be  perused  with  ease  and 
pleasure  ;  but  in  addition,  it  shows  the  author  to  be  well  acquainted 
with  the  modern  literature  of  the  subject  in  other  languages  than 
his  own,  and  frees  him  from  the  reproach,  not  unf requently  levelled 
at  his  compatriots,  that  they  are  only  acquainted  with  the  work  done 
by  their  own  countrymen. 

In  the  second  part  of  the  treatise,  which  deals  with  the  researches 
and  ideas  of  contemporary  writers,  l)r  Soury  emphasises  the  neces- 
sary relations  of  function  with  structure.  He  calls  attention  to  the 
importance  of  distinguishing  between  the  rhinencephalon  and  the 
pallium.  He  describes  the  sensory  and  motor  paths ;  the  connections 
of  the  divisions  of  the  brain  with  each  other  and  with  the  spinal 
cord ;  the  central  origins  of  the  cranial  nerves ;  the  association  and 
commissural  systems  of  fibres;  the  structure  and  relations  of  the 
cerebral  cortex  in  the  different  lobes;  the  localisation  of  cortical 
centres ;  and  the  structure  and  connections  of  neurons,  sensory,  and 
motor  involuntary  and  voluntary.  The  part  taken  by  successive 
observers  in  the  investigations  which  have  been  conducted  on  the 
numerous  and   difficult   problems,    physiological   and   psychological, 
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comprised  in  the  study  of  the  inner  anatomy  of  the  nervous  centres, 
is  analysed,  and  the  theories  and  deductions  which  have  been  advo- 
cated from  time  to  time  are  explained  and  criticised.  The  reader 
will  find  in  this  elaborate  work,  extending  to  1863  pages,  a  mass  of 
orderly  arranged  information  on  the  subjects  of  which  it  treats,  such 
as  cannot  be  obtained  in  any  other  single  book  with  which  we  are 
acquainted. 


Erinnei'ungeti  aus  Meineiii  Lehe7i,  von  A.  Kollikeb.     Leipzig : 

Engelmann,  1899. 

In  this  volume,  which  he  dedicates  to  his  family,  his  friends  and  his 
colleagues,  Professor  Albert  von  KolHker  records  the  labours  of  a 
well-spent  life. 

Since  1841,  when  he  published  his  first  work  on  the  Spermatozoa  of 
Invertebrate  Animals,  he  has  been  continuously  engaged  in  anatomical 
research,  chiefly  histological  and  embryological,  and  in  the  considera- 
tion of  the  physiological  problems  wluch  have  had  a  bearing  on  his 
anatomical  studies.  His  text-books  on  histology  and  embryology, 
and  his  separate  memoirs  on  a  wide  range  of  human  and  comparative 
anatomy  and  physiology,  amounting  collectively  to  245  distinct  pub- 
lications, constitute  a  mass  of  original  work  such  as  falls  to  the  lot  of 
few  men  to  execute,  and  will  serve  to  keep  his  memory  green  for  all 
time  in  the  annals  of  biological  science.  But  Professor  KoUiker's 
activity  has  not  expended  itself  in  minute  research.  For  57  years  he 
has  been  engaged  in  continuous  teaching.  In  1842  he  was  appointed 
Prosector  to  Henle,  then  Professor  of  Anatomy  in  Ziirich;  and  in 
1844  Extraordinary  Professor  of  Anatomy  and  Physiology  in  the 
same  University.  In  1847,  when  thirty  years  of  age,  he  was  called 
to  Wiirzburg,  the  University  of  which  city  he  still  adorns  after  a 
service  of  fifty-two  years.  He  is  a  living  example  of  the  possibility 
of  combining  in  one  person  great  activity  as  a  teacher,  with  a  power 
of  applying  himself  to  independent  enquiry,  during  more  than  half  a 
century.  We  may  feel  confident  that  his  teaching  has  been  vitalised, 
and  had  a  freshness  imparted  to  it  by  his  constant  appeals  to  nature, 
as  he  communicated  year  by  year  to  his  pupils  the  results  of  his  own 
observations. 

In  giving  the  title  of  his  memoirs,  and  their  date  and  place  of 
publication.  Professor  Kiilliker  appends  to  the  most  important  a 
brief  resume  of  the  contents,  which  enables  the  reader  to  ascertain  in 
an  easily  accessible  manner  the  chief  facts  of  which  they  treat,  and 
the  conclusions  derived  from  them. 

The  earlier  part  of  the  volume  contains  an  account  of  the  leading 
events  of  his  career.  We  read  how  he  attended  carefully  to  the 
preservation  of  his  health  by  physical  exercise.  In  his  early  life  he 
was  a  gymnast,  fond  of  swimming  and  riding,  and  a  great  pedestrian. 
In  later  years  he  was  a  keen  sportsman,  and  frequently  occupied  the 
autumn  vacations  in  travel,  so  that  he  has  been  able  to  preserve  both 
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bodily  and  mental  activity  and  vigour  throughout  a  long  and  laborious 
life.    He  has  printed  a  number  of  letters,  written  to  members  of  his 
family  when  on  his  travels,  of  which  those  relating  to  his  visits  to 
England  and  Scotland,  where  he  had  many  warm  personal  friends,  are 
especially  interesting.     The  writer  of  this  notice,  then  a  first  year*s 
student  at  St  Bartholomew's  Hospital,  recalls  an  incident,  not  referred 
to  in  the  letters,  associated  with  Professor  KoUiker  s  visit  to  London  in 
1850.     At  that  time  the  classical  memoirs  published  in  1846  and 
1849,  on  the  structure  and  distribution  of  the  smooth  or  involun- 
tary muscles,  were  attracting  much  attention.     Sir  James  Paget,  then 
the  Lecturer  on  Physiology  and  Greneral  Anatomy  at   St  Bartho- 
lomew's, had  been   explaining  one  day  to  his  class  the  importance 
and  significance  of  these  observations,  when  on  subsequently  going  to 
the  operating  theatre,  we  were   told   that   Professor   KoUiker   was 
present.     As  it  happened,  the  operation  was  an  amputation  of  the  leg, 
and,  as  soon  as  the  leg  was  removed,  Mr  Paget  exposed  the  long 
saphenous  vein,  and  along  with  Professor  KoUiker  demonstrated  the 
contractility  of  its  muscular  coat,  an  incident  not  likely  to  be  for- 
gotten by  those  who  were  present.     All  anatomists  wish  a  continu- 
ance of  life  and  vigour  to  this  Nestor  of  our  profession. 

W.  T. 


Jfxiumal  Df  anatomy  anti  ^^%io\o^ 


ON  SEPARATE  ACROMION  PROCESS.  By  Johnson 
Symington,  M.D.,  Professor  of  ATiatomy,  Queen^s  College, 
Belfast. 

Nearly  aU  our  anatomical  and  surgical  museums  contain  speci- 
mens of  scapulae  in  which  part  of  the  acromion  process  is  sepa- 
rated from  the  rest  of  the  bone.  As  a  rule,  these  preparations 
have  been  macerated  and  dried,  and  have  no  history  attached  to 
them.  Under  such  circumstances  it  is  not  surprising  to  find 
that  curators  of  museums  have  experienced  some  difficulty  in 
deciding  as  to  whether  these  specimens  are  cases  of  non-union 
of  the  acromion  epiphysis,  or  true  fractures  of  the  acromion 
process  which  have  failed  to  unite. 

It  is  unnecessary  to  attempt  any  summary  of  the  literature 
on  this  subject,  or  to  enter  into  any  elaborate  discussion  of  the 
points  in  dispute,  as  this  has  recently  been  done  by  the  late  Sir 
John  Struthers.^  My  object  is  rather  to  place  on  record  notes  of 
the  dissections  of  several  specimens  which  I  have  had  the  oppor- 
tunity of  examining.  As  we  are  mounting  a  type  collection  of 
fractures  in  the  Surgical  Museum  of  the  Queen's  College,  Belfast, 
and  naturally  wish  to  have  the  series  as  complete  as  possible, 
all  the  subjects  dissected  in  the  anatomical  department  during 
the  present  winter  session  have  been  examined  for  fractures 
with  more  than  usual  care.  From  40  subjects  no  less  than  5 
scapulae  have  been  obtained,  in  which  the  acromion  process  was 
separate  from  the  rest  of  the  bone.  Of  course  these  numbei's 
are  too  small  to  justify  any  conclusion  as  to  the  average  fre- 
quency of  occurrence  of  this  condition,  but  they  are  of  interest 

*  ''On  Separate  Acromion  Process,"  Edinburgh  Medical  JoicmcU,  October 
1895,  April  1896,  June  1896,  and  August  1896. 
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in  connection  with  the  experience  of  Mr  Arbuthnot  Lane,^  who 
found  fracture  of  the  acromion  the  commonest  of  all  fractures 
met  with  in  a  large  number  of  subjects  dissected  in  the  medical 
school  of  Guy's  Hospital.  My  five  scapulae  were  obtained  from 
three  subjects.  In  a  male  aged  31  years,  and  in  a  female  said 
to  be  81  years  of  age,  the  condition  was  bUateral,  and  in  a  female 
aged  70  only  the  right  scapula  was  afTected. 

Case  1. — Male,  set.  31.  Eight  scapula.  The  bone  was  well 
developed,  and  the  clavicular  facet  on  the  acromion  |  of  an  inch 
long.  The  line  of  separation  between  the  base*acromion  and  the 
OS  acromiale  (see  fig.  1)  commenced  on  the  inner  side  i  of  an 
inch  in  front  of  the  posterior  end  of  the  clavicular  facet,  and 
passed  outwards  nearly  at  a  right  angle  with  the  long  axis  of  the 
acromion,  reaching  the  outer  border  of  this  process  a  little  behind 
a  point  midway  between  its  anterior  and  posterior  extremities. 
The  opposing  surfaces  of  the  two  bones  were  slightly  thickened. 
Union  was  effected  by  means  of  a  well-developed  diarthrodial 
joint ;  the  capsular  ligament  was  strong,  the  articular  surfaces 
covered  by  a  thin  layer  of  cartilage,  and  the  synovial  membrane 
was  freely  continuous  with  that  of  the  acromio-clavicular  joint. 
The  movements  permitted  at  this  abnormal  joint  were  about  as 
extensive  as  those  between. the  clavicle  and  the  acromion.  The 
OS  acromiale  was  quadrate,  but  broader  behind  than  in  front 
Its  posterior  border  was  an  inch  long,  and  the  distance  from 
the  middle  of  this  border  to  the  anterior  extremity  was  also  an 
inch. 

Case  2. — Left  scapula  of  same  subject  as  Case  1.  The 
general  form  of  the  scapula  and  the  structure  of  the  intra- 
acromial  joint  were  practically  identical  with  the  condition  of 
the  right  side.  The  line  of  separation,  however,  between  the  two 
parts  of  the  acromion  crossed  the  clavicular  facet  almost  exactly 
midway  between  the  two  ends  (fig.  2).  It  passed  for  a  quarter 
of  an  inch  directly  outwards,  and  then  turned  outwards  and 
backwards,  joining  the  outer  border,  as  on  the  right  side,  a  Uttle 
behind  its  middle.  This  os  acromiale,  therefore,  was  not  quite 
as  large  as  the  right  one.     Its  base,  where  it  articulated  with 

*  "Some  Points  in  tlie  Physiology  and  Pathology  of  the  Changes  produced  by 
Pressure  in  the  Bony  Skeleton  of  the  Trunk  and  Shoulder  Girdle,"  Guy's 
HtKtpital  lifpoj'fH,  vol.  xliii.,  1886. 
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the  basi-acromioxi,  measured   1  inch  across,  and  ita  antero- 
posterior extent  was  |  of  an  inch. 

Case  3. — Eight  scapula  of  female,  aged  81  years.  Muscular 
impressions  on  bone  well  marked.  Acromion  process  of  the 
quadrate  type,  with  distinct  posterior  and  antero-lateral  angles 
(see  fig.  3).  The  os  acromiale  was  an  inch  broad  at  its  base, 
and  measured  ^  of  an  inch  from  the  middle  of  its  base  to  its 
anterior  extremity.  The  intra-acromial  joint  was  provided 
with  a  capsular  ligament  and  a  distinct  synovial  cavity.  The 
opposing  osseous  surfaces  were  uneven,  and  that  of  the  basi- 
acromion   was  convex  from  side   to    side,   the    os    acromiale 


Figs.  1  and  2. — Acromion  processes  of  right  and  left  scapnlsc  of  a  man  aged  31 
years,     o.a.^  os  acromiale  ;  h.a.^  basi-acromion  ;  /.,  facet  for  clavicle. 

presenting  a  corresponding  concavity.  The  layer  of  articular 
cartilage  was  vety  thin,  and  appeared  in  some  places  to  have 
undergone  a  fibroid  change.  Internally  the  line  of  articulation 
was  just  posterior  to  the  acromio-clavicular  joint,  and  on  the 
outer  side  midway  between  the  two  ends  of  the  outer  border. 

At  the  acromio-clavicular  joint  the  articular  surfaces  were 
very  small  and  ill-defined,  and  the  space  between  the  two  bones 
was  occupied  mainly  by  fibrous  tissue. 

Case  4. — The  condition  of  the  left  scapula  and  the  structure 
of  the  intra-acromial  joint  were  similar  to  those  found  on  the 
right  side.  The  line  of  articulation  was  straighter,  and  the  os 
acromiale  nearly  \  inch  longer  than  on  the  opposite  side,  but 
the  intra-acromial  joint  had  the   same  relation  both  to  the 
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acromio-clavicular  joint  and  to  the  outer  border  of  the  acromion 
(see  fig.  4). 

Case  5. — Right  scapula  of  female,  aged  70  years  (fig.  5).   The 
general  shape  of  the  acromion  process  was  falcate  rather  than 


Fios.  8  and  4. — Acromion  processes  of  right  and  left  scapuls  of  a  woman  aged  81 

years.     Lettering  as  in  fig.  1. 

quadrate.     The  os  acromiale  was  somewhat  triangular  in  form. 
Its  line  of  junction  with  the  basi-acromiou  commenced  on  the 


Fig.  5. — Acromion  process  of  right  scapulae  of  woman  aged  70. 

Lettering  as  in  fig.  1. 

inner  side  immediately  behind  the  acromio-clavicular  joint,  and 
passed  outwards  and  a  little  backwards.  The  structure  of  the 
intra-acromial  joint  was  similar  to  that  of  cases  3  and  4. 
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The  most  important  points  in  these  cases  are  the  following : — 

(1)  That  in  two  of   the  three  subjects  the  condition  was 

bilateral 

(2)  That  the  separate  bony  element  corresponded  to  the  usual 

form  of  the  acromial  epiphysis. 

(3)  That  in  all  the  specimens  the  abnormal  joint  was  diar- 

tbrodial  in  character,  having  a  distinct  cavity  and  a 
capsular  ligament  lined  by  synovial  membrane. 

(4)  In  the  young  man  the  cavity  of  the  iutra-^cromial  joint 

was  freely  continuous  with  that  of  the  acromio-clavi- 
cular  joint,  and  the  latter  was  noimal. 

(5)  There  was  no  disease  of  the  shoulder  joint  in  any  of  these 

cases,  and  no  signs  of  fracture   of   the  clavicle  or 

humerus. 
The  frequency  with  which  cases  of  separate  acromion  process 
are  bilateral  has  not  been  definitely  determined.  Many  of  the 
specimens  in  our  museums  are  without  a  history,  but  frequent 
references  to  its  bilateral  occurrence  will  be  found  in  surgical 
literature.  The  statement  in  Heule's  Handhuch  der  Anatomies 
Dritte  Aufgabe,  Bd.  i.  s.  236,  that  "  Die  Anomalie  scheint  in  der 
R^el  auf  beiden  Seiten  zu  bestehen  "  is  probably  correct,  and,  if 
Ruch  be  the  case,  it  seems  to  me  to  favour  very  strongly  the 
separate  epiphysis  theory.  Of  course,  both  fractures  and  dis- 
locations may  be  bilateral,  but  they  are  undoubtedly  of  rare 
occurrence. 

Professor  A.  Macalister^  has  shown  that  the  ossification  of 
the  acromion  process  is  subject  to  considerable  variations,  both 
as  to  the  number  of  its  centres  and  their  form.  The  most  usual 
condition  is  that  the  small  metacromial  centre  joins  the  basal 
portion  of  the  acromion,  and  the  other  centres  fuse  together  to 
make  a  common  epiphysis,  which  is  situated  in  front  of  a  line 
passing  from  near  the  posterior  part  of  the  clavicular  facet  to 
about  the  middle  of  the  outer  edge  of  the  bone.  Apparently,  in 
the  majority  of  cases,  the  epiphysial  line  is  placed  just  posterior 
to  the  clavicular  facet,  but  in  three  young  scapulae  in  my  pos- 
session it  divides  this  facet,  as  in  Case  2,  into  two  nearly  equal 
parts.  The  bases  of  the  separate  acromion  processes,  in  the 
cases  described  above,  closely  correspond  to  the  usual  epiphysial 

1  *' Notes  on  the  Acromion,'*  Journal  of  AncU.  and  Phys.^  vol.  xxvii. 
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Jiue  in  young  bones.  My  experience,  however,  agrees  with  that 
of  Macalister,  who  says  that  "  Out  of  the  45  cases  of  this  con- 
dition which  I  have  examined  I  have  never  found  the  meta- 
cromion  attached  to  the  ossicle."  This  is  probably  due  to  the 
fact  that  when  the  metacromial  centre  joins  the  other  acromial 
epiphyses,  the  line  of  union  of  the  common  epiphysis  with  the 
base  of  the  acromion  being  more  cuiTed  and  irregular,  the  risk 
of  separation  is  less.  I  have  two  young  scapulae  in  which  the 
epiphysis  includes  the  metacromiou.  In  these  the  epiphysial 
line  passes  from  the  clavicular  facet  first  outwards,  and  then 
turns  backwards  nearly  parallel  with  the  outer  edge  of  the 
acromion,  and  terminates  at  a  point  a  little  internal  to  its 
posterior  angle.  Such  specimens  are  obviously  better  able  to 
resist  strains  in  various  directions  than  those  in  which  the 
epiphysial  line  is  nearly  straight. 

As  already  stated,  in  all  my  specimens  the  separate  acromion 
process  was  connected  with  the  basi-acromion  by  a  diarthrodial 
joint,  and  Struthers  found  a  similar  arrangement  in  six  moist 
specimens  which  he  dissected.  The  joint  between  the  scapula 
and  its  acromial  epiphysis  is  normally  a  synchondrosis.  In 
the  separate  epiphysis  theory  we  may  assume  that  owing  to 
repeated  slight  strains,  or  to  one  of  greater  force,  a  cavity  is 
formed  in  the  cartilage,  and  a  typical  diarthrodial  joint  gradually 
developed.  On  the  hypothesis  of  a  fracture  of  the  fully  ossified 
bone,  it  is  difficult  to  explain  the  presence  of  a  layer  of  cartilage 
on  the  opposed  surfaces.  Struthers  describes  a  thin  layer  of 
articular  cartilage  as  being  pfesent  in  all  his  specimens.  In 
most  cases  this  cartilage  had  undergone  some  softening,  but 
that  is  not  surprising,  as  all  his  cases  were  from  subjects  about 
80  years  old,  except  one  of  64.  Three  of  my  five  specimens  were 
from  females  70  to  80  years  old,  and  in  these  I  was  not  able  to 
fully  satisfy  myself  that  the  material  covering  the  joint  surface 
was  really  articular  cartilage.  In  the  two  cases,  however,  from  a 
male  31  years  of  age,  the  cartilage  was  typical,  and  identical 
with  that  of  the  acromio-clavicular  joint.  The  general  condi- 
tion of  the  intra-acromial  joints  in  this  subject  appear  to  me  to 
be  inexplicable  on  the  fracture  of  ossified  acromion  theory. 

Mr  Arbuthnot  Lane  advocates  very  strongly  the  fracture 
hypothesis,  and  gives  (see  he.  cit.,  p.  419)  six  reasons  in  support 
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of  his  contention.     The  first  three  are  the  frequency  with  which 
it  is  associated  with  other  fractures  of  the  shoulder  joint,  or 
with  rheumatoid  arthritis,  and  its  great  frequency  on  the  right 
side.    The  specimens  described  by  Struthers  and  myself  afford 
no  support  to  these  statements,  and  Lane  appears  to  ignore  the 
fact  that  it  is  often  bilateral.     The  other  reasons  advanced  are 
the  variation  in  the  line  of  supposed  fracture,  and  the  fact  that 
they  correspond  in   situation   to  fractures    produced    experi- 
mentally after  death.     Struthers,  although  he  rejects  a  number 
of  the  arguments  advanced  by  Lane,  yet  sums  up  his  own  views 
as  follows : — **  The  epiphysis  theory  is  attractive  to  the  anato- 
mical mind,  and  it  is  not  easy  to  part  with  the  impressions  of 
one's  earlier  years  in  the  dissecting-room,  but  when  the  evidence 
is  critically  examined,  it  has  to  be  abandoned  for  the  fracture 
theory"  (Hdin.  Med.  Journ.,  Aug.  1896,  p.  106). 

The  support  given  to  the  fracture  theory  by  Arbuthnot  Lane 
and  Struthers  is  certainly  not  shared  by  anatomists  generally. 
Thus  Macalister  in  his  paper  on  the  acromion  process  already 
referred  to  writes : — "  The  condition  of  the  persistently  separate 
OS  acromiale,  which  I  have  found  in  fifteen  out  of  a  hundred  scapulae 
taken  at  random,  is  due  to  the  preacromial  and  mesacromial 
centres,  and  the  persistence  of  their  separation  from  the  base  of 
the  spine,  and  from  the  metacromial  centre  which  always  con- 
solidates with  the  base  "  (p.  249). 

Struthers  appears  to  consider  that  the  epiphysial  line  of  the 
acromion  is  very  constant  in  its  position,  and  he  supports  the 
epiphysis  theory  mainly  because  his  specimens  showed  some 
variation  in  the  line  of  separation,  and  especially  on"  account  of 
the  fact  that  this  line  passed  from  just  behind  the  clavicular 
facet  nearly  transversely  outwards,  whereas  the  epiphysial  line 
is  directed  outwards,  with  a  considerable  inclination  backwards. 
The  extensive  observations  of  Macalister  prove  that  the  views 
of  Struthers  on  the  normal  ossification  of  the  acromion  were 
based  on  the  examination  of  too  limited  a  number  of  young 
scapulae. 

The  line  of  union  of  the  epiphysis  of  the  acromion,  formed  by 
the  union  of  the  centres  in  front  of  the  metacromion  epiphyses, 
may  be  nearly  transverse  to  the  long  axis  of  the  acromion,  or 
directed  backwards  and  outwards,  and   specimens   of  separate 
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acromion  show  a  similar  variation.  The  neighbourhood  of  this 
line  is  a  weak  part  of  the  acromion  process,  and  can,  as  Arbuth- 
not  Lane  has  shown,  be  easily  broken  in  the  dead  subject  by  a 
direct  blow  with  a  small  hammer.  It  is  quite  conceivable  that 
such  fractures  may  occasionally  occur  in  the  living  body, 
although  they  are  very  rarely  diagnosed  by  surgeons.  That 
such  accidents  should  be  very  common,  often  bilateral,  and  fail 
to  unite,  is  extremely  improbable. 


A  CONTRIBUTION  TO  THE  ANATOMY  OF  THE  DIGES- 
TIVE TRACT  IN  SALMO  SALAB.  By  J.  Kingston 
Bakton,  M.E.C.P.  {From  the  Jentier  Institute.)  (Plates 
XL-XLIII.) 

It  has  been  stated  (see  "  Life-History  of  the  Salmon,"  Scotch 
Fishery  Board,  1898)  that  when  salmon  enter  our  estuaries  there 
has  begun  an  extensive  desquamative  catarrh  of  the  mucous  lin- 
ing of  the  intestines  which  spreads  upwards  to  the  stomach  (see 
pages  16,  20,  and  21  of  above  Report).  Dr  Lovell  GuUand,  who 
is  responsible  for  the  microscopic  examinations  made  in  the 
Laboratory  of  the  College  of  Physicians  of  Edinburgh  for  this 
Scotch  Report,  states  that  for  uniformity  he  placed  every 
specimen  in  saturated  perchloride  solution. 

In  the  course  of  my  observations  it  was  found  that  on 
treating  the  stomachs  of  grilse  and  sea  trout  in  this  way,  the 
appearances  of  a  shed  epithelium  was  noticed.  But  on  treat- 
ing the  stomachs  and  pyloric  tubes  of  cod  and  whiting,  and 
stomachs  of  smelt  in  the  same  way,  it  was  found  that  these 
fish  also  exhibited  the  appearances  of  a  universal  desquamative 
catarrh. 

These  fish  were  in  perfect  health,  as  shown  by  the  condition 
of  the  foods  in  the  stomach  and  intestines,  yet  under  the  micro- 
scope the  mucous  epithelium  was  shed,  and  that  of  the  submucous 
glands  also  freely  separated  and  shrunk. 

In  November,  whilst  fishing  in  the  river  Fowey,  I  secured 
two  cock  salmon  and  one  sea  trout.  Within  a  few  hours  of 
capture  the  stomach  of  one  salmon  and  also  that  of  the  sea 
trout  were  well  washed  in  tap  water,  and  then  placed  in  equal 
parts  of  alcohol  and  i%  solution  of  chromic  acid,  remaining  in 
this  four  days.  The  stomach  of  the  other  salmon  was  dilated 
with  a  similar  solution,  the  pyloric  appendages  and  a  part  of 
the  small  intestine  being  dilated  at  the  same  time.  This  in- 
jected specimen  was  kept  in  the  solution  six  days ;  then  all  were 
prepared  in  the  usual  way  for  imbedding  in  paraffin,  the  sections 
being  stained  afterwards  with  hsematoxylin  and  eosin. 
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Let  me  here  state  that  I  carried  out  the  microscopic  work  in 
the  Laboratories  of  the  Jenner  Institute  under  the  supervision 
of  Professor  Macfadyen,  and  assisted  by  his  stafif. 

The  transverse  section  of  the  pylorus  reveals  the  most  per- 
fectly natural  epithelium  (fig.  3).  Now  this  fish  was  a  red 
salmon,  not  yet  on  the  spawning  beds,  but  in  the  higher  reaches 
of  the  river.  Dr  Gulland  maintains  that  when  the  salmon 
has  gained  the  higher  reaches  of  the  river  the  catarrh  has  far 
advanced  throughout  the  digestive  tract. 

A  section  of  the  small  intestine  shows  the  epithelium  quite 
normal,  disturbed  perhaps  in  places,  but  this  is  clearly  due 
to  difficulties  in  section  cutting.  A  section  of  the  cardiac  part 
of  stomach  of  the  second  salmon  also  shows  perfectly  normal 
epithelium,  and  not  the  slightest  evidence  of  a  desquamative 
catarrh.  This  single  specimen  is  really  conclusive  of  a  serious 
fault  in  the  preparations  of  the  Edinburgh  Laboratory,  and 
indicates  an  error  in  the  deductions  drawn  from  them.  For  this 
particular  salmon  was  so  red  and  discoloured  that  he  must  have 
been  weeks  or  perhaps  months  in  the  river.  The  thinness  of  the 
fish  as  compared  with  his  length,  indicated  a  long  residence  in 
the  fresh  water  The  milt  was  within  a  very  few  weeks  of  full 
growth. 

The  sections  from  the  sea  trout  show  normal  mucous  epithe- 
lium, yet  this  fish  had  also  been  in  the  river  a  long  while.  Sea 
trout  evidently  do  not  feed  when  once  settled  in  the  rivers,  and 
have  all  the  same  characteristics  in  this  matter  of  non-feeding 
as  is  found  in  Salmo  salar. 

The  majority  of  the  specimens  examined  in  Edinbui^h  were 
received  in  the  warmer  months,  and  there  can  be  no  doubt  the 
mucous  material  found  in  the  stomachs  of  these  and  all  fish  very 
quickly  undergo  post-mortem  changes  which  accelerate  this  con- 
dition of  a  shed  epithelium.  In  the  comparatively  functiouless 
stomach  of  the  salmon  it  is  apparent  that  the  epithelium  would 
be  more  easily  affected  than  in  healthy  fish  in  spite  of  the  more 
active  gastric  juice  of  the  latter.  It  is  well  known  that  when 
the  percentage  of  HCl  is  below  a  certain  point,  bacteria  thrive 
more  vigorously  in  the  digestive  tract.  This  would  be  a  further 
stimulus  to  rapid  changes  in  the  epithelium  after  death,  and 
consequently  explains  why  the  changes  are  more  marked  in 
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salmon  than  in  trout  or  other  vigorous  fish.  Dr  Noiil  Paton's 
Eeport  proves  conclusively  that  there  is  great  diminution  in  the 
amount  of  HCl  iu  the  gastric  juice  of  salmon.  Further,  he 
also  proves  there  is  some  very  active  zymogen  in  the  mucous 
membrane  of  the  intestines  and  appendages  of  salmon.  This, 
doubtless,  would  be  a  potent  factor  in  the  rapid  alteration  of 
the  epithelium  after  death,  noted  in  this  particular  part  of  the 
digestive  tract. 

m 

Nearly  two  hundred  salmon  were  examined  carefully  by 
me  this  year  (macroscopically),  and  it  was  very  marked,  as 
summer  advanced,  how  much  like  the  results  of  a  purulent 
catarrh  the  contents  of  the  stomach  appeared.  The  fresher 
the  fish  the  less  marked  the  signs  appeared.  In  all  these 
fish  the  pyloric  part  of  the  stomach  was,  as  a  rule,  quite  con- 
tracted, and  in  this  part  the  appearance  was  much  more 
healthy-looking.  Only  in  the  very  hottest  days  did  the 
contents  become  like  that  of  purulent  catarrh  throughout 
the  entire  digestive  tract.  The  interior  of  the  stomachs  of 
whiting  and  cod  which  had  not  recently  been  feeding,  and  which 
had  been  out  of  the  sea  at  least  thirty  hours,  also  present  this 
aspect  of  a  mucous  catarrh,  and  a  contracted  rugose  state  of 
the  walls  of  the  stomach.  In  preparing  specimens  of  these 
whiting  for  the  microscope  in  alcohol  with  chromic  acid  solution 
the  epithelium  of  the  gastric  glands  is  well  seen,  but  shed  from 
the  basement  membrane,  and  the  superficial  columnar  epithelium 
is  entirely  shed.  This  is  clearly  due  to  post-mortem  changes. 
The  catarrhal  appearances  are  more  marked  when  the  specimens 
are  fixed  in  saturated  perchloride  or  10%  formalin  solutions. 

There  is  no  question  the  gastric  juices  of  a  fish  are  very 
potent.  On  opening  one  salmon  this  spring  I  found  the  stomach 
dilated  to  its  full  with  six  large-sized  herrings,  that  nearest  the 
salmon's  mouth  being  barely  changed  in  appearance,  whilst  the 
sixth  had  only  its  spinal  column  undigested,  those  in  between 
being  in  a  graduated  state  of  digestion,  and  yet  all  these  fish  were 
in  the  one  cavity.  The  rugoe  had  entirely  disappeared,  and  the 
wall  of  the  stomach  was  extremely  thin.  In  the  intestines  of 
this  fish,  which  were  very  full  of  faecal  matter,  it  was  noticeable 
how  very  little  there  remained  of  any  fish  bones,  showing  how 
solvent  are  the  gastric  juices.     In  a  good  many  other  fish  the 
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spinal  columns  of  herring  were  found,  but  never  beyond  the 
region  of  the  duodenum.  As  a  matter  of  interest,  it  may  be 
stated  that  both  in  salmon  and  sea  trout  the  food  fish  is  always 
swallowed  tail  first. 

If  a  normal  section  of  the  digestive  tract  of  a  fish  is  to  be 
obtained,  the  specimen  cannot  be  too  fresh.  As  soon  as  possible 
all  the  mucous  material  should  be  gently  washed  away,  and  the 
specimen  at  once  placed  in  the  fixing  solution.  Alcohol  with 
J  to  1  %  of  chromic  acid  solution,  equal  parts,  seems  to  give  the 
best  results. 

It  seems  difficult  to  believe  that  a  salmon  entering  the  river 
in  the  splendid  health  it  does  should  be  suffering  from  an 
acute  desquamative  catarrh,  and  more  especially  beginning  at 
the  hinder  end  of  the  canal.  It  would  be  more  reasonable  to 
suppose  that  after  a  long  residence  in  fresh  water  such  a  con- 
dition might  possibly  arise ;  but  the  examination  of  my  old  red 
fish  quite  refutes  both  suggestions.  It  is  quite  certain  that  the 
methods  employed  in  Edinburgh  have  misled  the  observers. 

Dr  GuUand  states  that  the  stomachs  of  trout  treated  in  their 
perchloride  method  reveal  no  such  signs  of  catarrh.  Although 
the  outward  view  of  a  trout's  stomach  and  intestines  is  but  a 
miniature  copy  of  that  of  a  salmon,  yet  its  interior  differs  in 
some  important  details.  As  a  rule,  a  trout  feeds  on  files  and 
small  water-insects,  and  even  when  the  stomach  is  fairly  full  the 
stomach  is  somewhat  contracted  and  rugous ;  but,  usually,  with 
very  little  gastric  mucus,  hence  there  is  very  much  less  chance 
of  post-mortem  changes.  It  is  only  when  a  trout  is  stuffed  with 
worms  in  flood  time  that  the  stomach  walls  are  very  thin  and 
distended,  and  then  there  is  much  gastric  mucus.  Again,  when 
a  brown  trout  fasts  it  does  so  only  temporarily,  but  the  salmon 
who  reaches  our  rivers  has  begun  a  long  physiological  fast,  and 
we  cannot  expect  the  epithelium  of  its  digestive  tract  to  be  as 
resistant  to  the  effects  of  post-mortem  changes  and  also  to  such 
strong  reagents  as  saturated  perchloride  and  strong  formalin. 

No  doubt,  if  the  delicate  physiological  test  stains  were  used, 
it  would  be  found  that  the  epithelial  cells  both  of  the  mucous 
surface  and  of  the  gastric  and  intestinal  glands  would  not  pre- 
sent a  normal  functional  condition.  The  physiological  fast  of 
the  salmon  in  fresh  water  would  lead  one  to  expect  such  changes 
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in  the  mucous  epithelium.  The  careful  experiments  in  Dr  Noel 
Paten's  Eeports  show  how  feeble  the  peptogenic  powers  of  the 
upper  part  of  the  digestive  tract  in  salmon  become  when  the 
fish  enter  the  rivers. 


DESCRIPTION  OF  PLATES. 
Platb  XL. 


Fig.  1.  Section  through  the  stomach,  near  pylorus,  of  a  male  salmon 
caught  with  rod  and  line  in  river  Fowey,  Nov.  23,  1899.  Under 
object-glass  Y'  T^^®  ^^^  ^^  '^^T  discolored  from  a  probable  many 
months'  residence  in  a  deep  hole  in  the  river.  The  epithelial  layer  is 
very  perfect.  The  fish  was  nearly  ready  for  spawning,  its  milt  being 
very  large. 

i'ig.  2.  The  same  as  fig.  1,  but  under  J".  These  two  specimens 
convincingly  prove  that  there  is  no  desquamative  catarrh  of  the 
stomach  in  a  fish  which  had  been  many  weeks  or  months  in  the 
river. 

Plate  XLI. 

Fig.  3.  Cross-section  of  the  pylorus  of  a  male  salmon  taken  Nov.  21, 
1899,  river  Fowey.  Under  ^''.  This  fish,  although  red,  looked  like  an 
autumn-run  fish,  and  possibly  had  only  been  up  a  few  weeks.  The 
epithelial  and  glandular  cells  are  very  perfect. 

Fig.  4.  Cross-section  of  the  stomach  of  a  smelt  in  the  act  of  digest- 
ing a  shrimp  Y.  A  false  catarrhal  appearance,  due  to  post-mortem 
changes  (as  specimen  was  not  obtained  until  a  good  many  hours  after 
capture),  and  also  to  effects  of  fixing  reagents  and  section-cutting. 

Plate  XLII. 

Fig.  5.  Section  of  mid-stomach  of  same  salmon  as  fig.  3.  This 
stomach  had  been  distended  with  the  fixing  solution  (alcohol  and  |  % 
chromic  acid).     Under  i". 

Fig.  6.  Same  as  No.  5,  but  under  J".  The  superficial  and  glandular 
epithelium  is  beautifully  distinct.  But  it  has  not  stained  well.  The 
columnar  epithelium  has  an  attenuated  look,  possibly  due  to  the  abey- 
ance of  function  during  the  fish's  fast  in  the  fresh  water.  Yet  the 
epithelial  cells  are  in  perfect  position.  It  should  be  noted  that  fig.  3 
represents  the  pylorus  of  this  same  fish,  and  yet  its  cells  have  taken 
the  stain  well. 

Plate  XLIII. 

Fig.  7.  Cross-section  of  a  pyloric  tube  of  the  same  fish  as  fig.  3, 
under  1''.  Although  the  whole  of  the  columnar  epithelium  stands 
apart  from  its  basement  membrane,  it  is  quite  apparent  this  is  only 
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due  to  mechanical  separation  in  preparation  and  section-cutting.  The 
epithelial  cells  are  quite  perfect  individually  and  collectively,  and  no 
evidence  whatever  of  any  desquamative  catarrh.  Supposing  this 
separation  were  due  to  disease,  or  even  to  a  simple  moulting,  then  the 
epithelial  cells  would  be  broken  up  and  degenerated  in  various  degrees. 
But  it  is  evident  the  whole  of  the  epithelium  was  alive  and  well  up  to 
the  moment  of  death. 

Fig.  8.  The  same  as  fig.  7,  under  y.  These  last  two  figures  are  from 
photo-micrographs. 

The  first  six  figures  are  from  drawings  made  from  photo-micrographs 
corrected  by  filling  in  details  from  the  microscope. 
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THE  JOINTS  OF  MAMMALS  COMPARED  WITH  THOSE 

OF  MAN:  A  Coubse  of  Lectures  delivered  at  the 
Royal  College  of  Surgeons  of  England.  By  F.  G. 
Parsons,  F.R.C.S.,  late  Hwderian  Professor. 

Part  II. — Joints  of  the  Hind  Limb. 

The  Hip  Joint. 

Some  of  the  chief  points  which  attract  attention  in  the  hip  joint 
of  man  are  the  three  thickened  parts  of  the  capsule  called  the 
ilio-femoral,  ischio-femoral,  and  pubo-femoral  ligaments,  as  well 
as  the  intra-articular  ligamentum  teres  running  from  the  bottom 
of  the  acetabulum  to  the  head  of  the  femur,  and  otherwise  free 
in  the  interior  of  the  joint.  In  the  anthropoid  apes  the  same 
thickenings  of  the  capsule  are  found,  and  it  is  even  said  ^  that 
they  are  somewhat  more  prominent  than  in  man.  There  is  no 
doubt  that  the  ligamentum  teres  is  constantly  present  in  the 
gorilla,  chimpanzee,  and  gibbon,  and  it  is  a  most  remarkable 
thing  that  it  is  usually  absent  in  the  orang.  In  this  museum 
there  are  the  hip  joints  of  two  orangs,  in  one  of  which  there  is 
a  fossa  on  the  head  of  the  femur  where  the  ligament,  if  it  had 
been  present,  would  have  been  attached,  while  in  the  other 
specimen  there  is  no  such  mark.  In  both  these  preparations 
the  cotyloid  notch  and  transverse  ligament  are  present  as  in 
man. 

In  the  lower  or  cynomorphine  monkeys  the  ligamentum  teres 
is  always  present,  and  resembles  the  same  structure  in  man, 
though  it  seems  almost  certain  to  me  that  it  can  never  be  put 
on  the  stretch.  The  three  thickened  parts  of  the  capsule  are 
present,  but  are  not  so  well  defined  as  in  man ;  the  ilio-femoral 
band  can  easily  be  made  out,  but  its  Y-shaped  appearance  is  not 
evident ;  I  believe  that  its  prominence  in  the  higher  apes  and 
monkeys  must  be  a  physiological  result  connected  in  some  way 
with  the  conversion  of  the  hind  limb  from  a  supporting  to  a 
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brachiating  organ,  since,  as  we  shall  see,  it  is  not  present  in 
lower  mammals.  It  can  hardly  be  an  adaptation  to  the  erect 
position,  since  in  the  anthropoids  the  line  of  the  centre  of 
gravity  of  the  body  does  not  fall  behind  the  centre  of  the  hip 
joint,  as  in  man,  and  the  semi-erect  position  is  assisted  by  the 
contact  of  the  knuckles  with  the  ground.  In  man,  however,  it 
undoubtedly  assists  in  maintaining  the  erect  posture.  I  have 
been  unable  to  find  any  evidence  to  support  Bland  Sutton's 
ingenious  suggestion  that  it  is  in  any  way  connected  with  the 
presence  or  absence  of  the  gluteus  quartus  (ventralis).  The 
only  proof  that  the  ilio-femoral  band  is  a  degenerated  gluteus 
quartus  which  would  be  at  all  convincing  to  me  would  be  to 
see  one  or  more  human  subjects  in  which  the  gluteus  quartus  is 
present  and  the  ilio-femoral  ligament  absent,  though  how  the  erect 
position  would  be  maintained  in  such  a  case  I  do  not  know. 

In  the  lemur  the  hip  joint  corresponds  with  that  of  the  lower 
monkeys,  and  the  ligamentum  teres  is  present  and  well  marked. 
In  the  Cheiroptera  the  fruit  bat  (Pteropus)  has  the  hip  twisted 
in  such  a  way  that  the  original  front  of  the  knee  looks  back- 
wards and  outwards  and  the  plantar  surface  of  the  foot  forwards. 
The  lesser  trochanter  is  therefore  on  the  outer  side ;  it  is  situated 
inside  the  capsule  of  the  joint,  and  has  an  articular  summit. 
When  the  foot  is  moved  toward  the  mouth,  i.e.  when  the  hip  is 
flexed  and  abducted,  this  trochanter  comes  in  contact  with  an 
articular  surface  just  above  the  acetabulum,  reminding  one 
somewhat  of  the  antitrochanter  of  birds.  There  is  a  well- 
marked  ligamentum  teres,  which  is  short,  though  it  never 
appears  to  be  put  upon  the  stretch.  Anyone  who  has  watched 
a  fruit  bat  taking  a  grape  or  other  fruit  will  readily  see  that 
this  twisting  of  the  hip  is  an  adaptation  to  allow  the  knee  to 
flex  forward  and  the  foot  to  be  brought  into  contact  with  the 
mouth ;  the  foot  in  this  way  is  able  to  take  the  place  of  the 
hand,  which  in  this  case  has  been  converted  into  an  organ  of 
flight  In  the  insectivorous  bat  (Plecotus),  the  need  of  using 
the  foot  as  a  hand  is  not  so  great,  and  we  do  not  find  the  hip 
so  completely  twisted  round  as  in  the  fruit  bat ;  indeed,  the  knee 
looks  more  outward  than  backward,  and  the  lesser  trochanter 
does  not  articulate  with  the  ilium.  As  in  Pteropus,  the  liga- 
mentum teres  is  well  marked. ' 
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In  the  Insectivora,  both  the  mole  and  the  hedgehog  have  no 
ligameutum  teres:  the  latter  is  one  of  several  instances  which 
cause  me  to  doubt  the  universal  validity  of  Bland  Sutton's 
statement  that ''  those  mammals  in  whom  a  ligamentum  teres 
is  absent  also  lack  a  gleno-humeral  band/'  because  the  hedgehog 
certainly  does  possess  a  gleno-humeral  band. 

In  the  Carnivora,  as  in  most  of  the  lower  mammals,  the  cap- 
sule of  the  hip  is  not  specially  thickened  at  any  one  point ;  the 
ligameutum  teres,  however,  is  thick  and  well  marked  in  the  land 
Camivora,  at  least  it  is  so  to  my  knowledge  in  the  Felidae  (cat, 
leopard,  lion),  Viverridse  (civet,  genet,  ichneumon,  and  suricate), 
Hya^idre  {HycETui  striata),  Procyonidee  (P.  lotor),  Canidae  (dog 
and  fox),  Ursidse  (black  bear),  and  Mustelidse  (polecat,  stoats 
weasel,  and  otter).  It  is  stated  to  be  absent  in  the  sea  otter 
{EnJiydra  Trutrina),  though  it  is  certainly  present  in  the  common 
otter  {Lutra  vulgaris).  It  is  absent  in  the  walrus  (Triehecus 
rosmarus)  and  the  seal  (Phoca  vitulina),  which  are  the  only 
two  specimens  of  the  aquatic  carnivores  (Pinnipedia)  I  hvve 
observed. 

In  the  Ungulata,  the  horse,  as  Bland  Sutton  has  pointed  out, 
has  the  ligamentum  teres  divided  into  two  parts,  the  upper  of 
which,  the  cotyloid  portion,  corresponds  to  the  usual  ligamen- 
tum teres  of  mammals;  while  the  lower  part,  which  Chauvea;u 
and  he  term  the  pubio-femoral  portion,  passes  out  through  the 
cotyloid  notch  and  runs  forwards  and  inwards  to  join  the  linen 
alba  at  its  junction  with  the  pubes.  It  is  perhaps  doubtful 
whether  it  is  advisable  to  speak  of  this  portion  of  the  ligamen-^ 
turn  teres  as  pubio-femoral^  because  it  suggests  an  identity  with 
the  pubo-femoral  part  of  the  capsule,  a  suggestion  which,  as  far 
as  I  know,  is  not  intended ;  probably  abdomino-femoral  would 
be  a  better  name.  In  the  ox,  sheep,  deer,  antelope,  and  chevro- 
tain  this  abdomiuo-femoral  ligament  is  not  seen,  though  the  rest 
of  the  ligamentum  teres  is  well  marked.  In  the  goat  a  large 
part  of  the  ligament  passes  out  of  the  cotyloid  notch,  and  is 
attached  to  the  dorsal  part  of  the  capsule  after  the  manner 
described  later  in  Pedetes.  In  the  rhinoceros,  according  to 
Sutton,  the  ligamentum  teres  is  absent,  but  I  have  never  had 
the  opportunity  of  dissecting  this  animal  In  the  elephant, 
specimens  in  this  Museum  show  that  it  is  wanting  in  both  the 
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ludian  and  African  species.  In  Hyrax,  Bland  Sutton  failed  to 
find  the  ligament,  but  in  my  specimen  the  arrangement  was 
interesting;  it  was  attached  by  a  vertical  linear  fold  to  the 
lower  half  of  the  head  of  the  femur ;  this  fold  was  not  entirely 
free  in  the  joint  cavity,  but  its  lower  edge  was  continuous  with 
the  lower  part  of  the  capsule.  When  the  ligament  reached  the 
acetabulum,  the  greater  part  of  it  was  continued  out  through 
the  cotyloid  notch,  and  was  attached  to  the  pubes  outside  the 
joint ;  it  thus  corresponded  with  the  abdomino-femoral  band  in 
the  horse,  and  is  a  point  in  favour  of  Bland  Sutton's  contention 
that  the  ligamentum  teres  is  the  continuation  of  some  extra- 
capsular structure.  There  is  a  similar  specimen  in  the  Museum 
of  this  College  which  shows  very  much  the  same  arrangement. 

In  the  Bodentia  the  ligamentum  teres  is,  as  far  as  I  know, 
always  present,  at  least  I  have  found  it  in  a  fairly  large  and 
representative  series  of  animals. 

In  the  Cape  jumping  hare  (Pedetes  coffer)  it  was  a  somewhat 
delicate  structure,  and,  as  in  the  goat,  horse,  and  Hyrax,  passed 
out  of  the  joint  through  the  cotyloid  notch,  but  instead  of  turn- 
ing ventralwards  to  the  abdomen,  or  being  attached  to  the 
pubes,  as  in  the  two  latter  animals,  it  turned  backwards  and 
became  continuous  with  the  dorsal  part  of  the  capsule,  which  it 
tended  to  tighten  in  extreme  flexion  of  the  joint.  The  capsule 
of  the  hip  in  this  animal  suddenly  became  very  thin  just  before 
its  attachment  to  the  neck  of  the  femur,  so  that  the  outer  edge 
of  the  thick  part  forms  a  sphincter  round  the  neck,  and  it  is 
this  sphincter  which  is  drawn  tight  by  the  ligamentum  teres 
during  extreme  flexion.  This  may  possibly  be  an  adaptation  to 
the  jumping  habits  of  the  animal,  but  it  is  certainly  another 
instance  of  the  continuity  of  the  ligamentum  teres  with  extra 
capsular  structures. 

It  is  interesting  to  notice  in  this  connection  that  some  of  the 
human  anatomy  text-books  remark  that  fibres  of  the  ligamentum 
teres  are  continued  out  of  the  hip  through  the  cotyloid  notch. 

In  the  Edentata,  Bland  Sutton  found  the  ligamentum  teres 
absent  in  the  sloth  and  pangolin.  In  the  latter  animal  I  can 
confirm  his  observations  from  a  specimen  in  this  Museum,  as 
well  as  from  a  dissection  of  my  own.  In  both  the  two-toed 
(Choloepus)  and   three-toed  sloths  (Bradypus)  hia  experience 
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agrees  with  my  own,  but  in  the  leased  aD.treBiteT{Tamanduaietra- 
daeyla)  the  ligament  is  present  and  free  in  the  joint,  although 
it  consists  chiefly  of  synovial  membrane  without  fibrous  tissue. 
In  the  armadillo  the  arrangement  of  the  ligamentum  teres  was 
identical  with  that  already  recorded  in  Hyrax,  but  the  lower 
part  of  the  head  of  the  femur  shows  a  vertical  notch  as  if  the 
sphere  was  not  completed  here.  This  points  to  the  truth  of  the 
theory  that  the  ligamentum  teres  is  originally  continuous  with 
the  capsule,  but  is  cut  off  by  the  "confluence  of  the  lateral 
wings  of  the  caput  femoris,"  as  Keith  aaye.     It  is,  at  all  events. 


Flo.  1. — Hip  joint  of  Am>di11o  (Dasjpaa).    a,  head  of  femur ; 
h,  ligameatum  teres  ;  c,  capsule  cut. 

quite  evident  that  one  must  not  jump  to  the  conclusion  that 
absence  of  the  ligamentum  teres  is  a  characteristic  of  the  Eden- 
tata, though  when  it  is  present  in  them,  it  is  usually  in  a  rudi- 
mentary condition. 

In  the  Marsupialia  the  ligamentum  teres  seems  to  be  constant 
and  well  marked.  I  have  found  it  in  the  Kangaroos  {Macroptis 
rufaa  and  Petrogalt  xanfkopus).  and  as  far  as  I  could  determine, 
it  was  put  on  the  stretch  during  extension  oF  the  hip  in  these 
animals.  It  was  also  seen  iu  the  native  bear  (Phascolarctus), 
the  Tasmanian  devil  (Dasyurus),  the  flying  and  ground  phalan- 
gera,  and  the  bandicoot  (Ferameles), 

In  the  Mouotremata  {Orcithorhynchus  and  Echidna)  there  is 
no  ligamentum  teres,  nor  could  I  find  any  trace  of  such  a  struc- 
ture. 

Summary  ofthi  Hip  Joint. — The  ventral  imrt  of  the  capsule 
is  thickened  in  man  and  the  anthropoids  to  form  the  ilio-femoral 
ligament;  this  thickening  gradually  disappears  in  the  lower 
monkeys.  In  the  quadrupeds  the  dorsal  part  of  the  capsule  is 
generally  the  thickest.     The  ligamentum  teres  may  be  entirely 
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abfient,  ab  Id  the  orang,  the*  hedgehog  and  mole  (?  other  Insec- 
tiyora),  the  Finnipedia,  the  elephant,  sloth,  pangolin,  and  the 
Monotremata,  though  I  cannot  think  of  anything  common  to 
all  these  animals  which  could  acooont  toi  its  aheence,  beyond 
the  fact  that  they  are  all  slow  movers.  When  the  ligament  is 
present  it  may  be  free  in  the  joint  9a  in  most  mammals,  parti- 
ally fused  with  the  pubic  portion  of  the  capeule,  as  in  the  Hyrax 
and  the  armadillo,  or  some  of  it  may  be  traced  to  the  outer  side 
of  the  capsule  through  the  cotyloid  notch,  as  in  the  goat,  horse, 
Hyrax,  and  Cape  jumping  hare. 

Taking  these  two  latter  groups  into  consideration,  the  pre- 
sumption is  that  the  ligamentum  teres  was  originally  an  extra 
capsular  tendon  or  other  fibrous  band  which  was  attached 
below  the  head  of  the  femur,  and  gradually  pushed  its  way  into 
the  interior  of  the  joint  cavity  through  the  pubic  part  of  the 
capsule.^ 

Knee  Joint. 

In  contrasting  the  anatomy  of  man's  knee  with  that  of  other 
mammals  the  following  points  should  be  kept  in  mind.  In  man 
the  external  lateral  ligament  is  attached  to  the  head  of  the 
fibula,  and  is  a  rounded  cord ;  the  internal  lateral  ligament  is  a 
fiat  strap,  which  is  prolonged  down  the  inner  side  of  the  tilna 
for  some  distance;  the  posterior  ligament  is  reinforced  by 
oblique  fibres  from  the  semi-membranosus  muscle;  the  semi- 
lunar cartilages  are,  as  their  name  implies,  both  semilunar,  and 
are  attached  at  each  end  to  the  head  of  the  tibia,  but  the 
exterual  one  sends  an  oblique  bundle  of  fibres  up  to  the  femur 
in  close  connection  with  the  back  of  the  posterior  crucial  liga- 
ment ;  the  superior  tibio-fibular  articulation  does  not,  as  a  rule, 
communicate  with  the  knee ;  and  the  ligamentum  mucosum  is 
attached  by  a  delicate  fold  of  synovial  membrane  to  the  posterior 
part  of  the  trochlear  surface  of  the  femur,  but  is  not  continuous 
with  the  synovial  membrane  lining  the  crucial  ligaments. 

In  the  lower  monkeys  (rhesus,  vervet,  baboon,  capuchin,  and 
spider  monkeys)  much  more  rotation  is  allowed  at  the  knee  than 
in  man,  and  this  is  the  case  during  both  fiexion  and  extension, 
consequently  smooth  cartilage-covered  facets  are  found  between 

^  In  reference  to  this,  see  datton  on  '  Ligaments,'  p.  40. 
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the  lateral  ligaments  and  both  tuberosities  of  the  tibia,  while  the 
internal  lateral  ligament  is  not  attached  to  the  internal  tuber- 
osity and  then  prolonged  down  the  shaft  as  in  man,  but  passes 
straight  from  the  internal  condyle  downward  and  forward  to  the 
inner  surface  of  the  shaft  of  the  tibia. 

The  lower  attachment  of  the  external  lateral  ligament  in  the 

rhesus  monkey  is  to  the  front  of  the  upper  surface  of  the  head  of 

the  fibula,  but  in  the  spider  monkey  to  the  outer  side  of  the 

neck ;  it  was  also  noticed  that  the  fibres  of  this  ligament  were 

twisted  in  such  a  way  that  those  rising  posteriorly  from  tlbt 

femur  became  external  and  anterior  when  they  reached  the  fibula. 

The  ligamentum  mucosum   is   continuous   with   the   synovial 

membrane  lining  the  anterior  crucial  ligament,  so  that  there 

is  an  antero-posterior  septum  dividing  the  lower  part  of  the 

joint  into  two  halves,  and  making  it  impossible  to  pass  a  probe 

between  the  ligamentum  mucosum   and   the   anterior   crucial 

ligament,  as  can  so  easily  be   done   in   man.     The   posterior 

ligament  of  the  capsule  is  not  a  well-marked  structure,  and 

lacks  the  oblique  expansion  of  the  semi-membranosus,  which 

is  so  characteristic  of  it  in  man.     The  crucial  ligaments  are  not 

connected,  and  in  Macacus  rhesus  I  found  that  the  synovial 

cavity  of  the  joint  Was  continued  between  them.     The  internal 

semilunar  cartilage  closely  resembles  that  of  man,  but  the 

external  one,  instead  of  being  attached  posteriorly  jtist  behind 

the  spin6  of  the  tibia,  is  continued  obliquely  across  the  back  of 

the  posterior  orueial  ligament  to  th^  outer  side  of  the  internal 

eondyle  of  the  femur.     In  man  this  external  cartilage  acquires 

a  new  attachment  behind  the  spine,  but  the  olddr  6ne  still 

remains  as  an  oblique  band  of  fibres,  closely  connected  with 

the   back  Of  the  posterior  crucial  ligament,  and  sometimes 

spoken  of  in  human  anatomy  as  the  ligament  of  Wrisberg. 

We  shall  see  later  that  the  simian  attachment  of  this  cartilage 

is  the  generalised  mammalian  type,  and  that  man's  arrangement 

is  specialised  for  some  purpose,  probably  as  an  adaptation  to  the 

erect  position  which  results  in  strong  and  continual  extension  of 

the  knee,  with  great  strain  on  the  intra-articular  cartilages, 

especially  the  outer  one,  a  strain  which  would  posisibly  result 

iu  displacement  were  it  not  for  the  extra  security  gained  by  an 

attachment  immediately  behind  the  spine  of  the  tibia.     I  have 
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not  bad  the  opportunity  of  dissecting  the  knee  of  any  of  the 
anthropoids,  but  I  am  told  by  Keith  and  Duckworth  that  the 
arrangement  in  it  more  closely  resembles  that  of  the  lower 
monkeys  than  that  of  man.  In  the  baboon,  vervet,  and  spicier 
monkey  the  anterior  and  posterior  attachments  of  the  external 
semilunar  cartilage,  which  otherwise  are  as  in  Macacus,  are  con- 
nected by  a  broad  band  resembling  the  rest  of  the  cartilage,  so 
that  the  structure  is  really  circular  instead  of  crescentic.  In 
Ateles,  too,  a  fibrous  band  runs  from  the  anterior  part  of  each 
semilunar  cartilage  in  such  a  direction  that  they  both  meet  in 


Fig.  2.— Knee  joint  of  Spider  Monkey  (Ateles).  a,  anterior 
crucial  ligament;  c,  posterior  crucial  ligament;  d,  in- 
ternal semilunar  cartilage ;  «,  external  semilunar  cartilage ; 
/,  transverse  ligament. 

front  of  the  internal  cartilage,  and  become  merged  in  the 
antero-internal  part  of  the  capsule.  They  are  less  well 
developed  in  other  monkeys,  and  I  think  that  the  transverse 
ligament  of  the  human  knee  must  be  a  remnant  of  them. 

In  all  the  monkeys  which  I  have  examined  the  superior  tibio- 
fibular joint  communicated  with  the  knee.  In  the  knee  of  the 
lemur  the  arrangement  and  attachments  of  the  semilunar  carti- 
lages and  lateral  ligaments  closely  resembled  those  of  the  rhesus 
monkey  already  described,  but  the  ligamentum  mucosum,  instead 
of  being  firmly  attached  to  the  femur,  was  not  connected  with  it 
at  all.  The  chief  difference,  however,  between  the  knees  of 
monkeys  and  lemurs  lies  in  the  superior  tibio-fibular  joint. 
This  joint  in  the  lemur  allows  of  free  forward  and  backward 
gliding  movements  when  the  knee  is  flexed,  but  not  when  it  is 
extended.     The  ligaments  attached  to  the  head  of  the  fibula  are 
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four,  two  superior  or  external  lateral  of  the  knee ;  also  an 
anterior  and  a  posterior  ligament.  Of  the  two  superior,  which 
connect  the  fibula  with  the  femur,  the  anterior  is  the  usual 
external  lateral  ligament;  while  the  posterior,  I  have  little 
doubt,  is  the  divorced  tendon  of  the  popliteiis,  the  fleshy  part  of 
which  is  attached  to  the  tibia  and  fibula  to  form  part  of  the 
tibio-Gbularis  or  rotator  fibulae.  The  anterior  tibio-fibular  liga- 
ment is  a  rounded  horizontal  bundle,  considerably  longer  and 


k. 


Fio.  3. — Knee  joint  of  Lemur  from  bahiod.  a,  ertenml  condyle ; 
b,  intornttl  coodyle ;  c,  extnnmi  aemiluniir  cartilage ;  d,  internal 
BcmilankT  cmrtilage  ;  e,  posterior  cmcial  ligament ;  /,  poaterior 
tibio-Gbnlar  ligament;  g,  long  external  lateral  ligament;  A, 
tendon  of  poplitens  converted  into  a  ligament ;  i,  internal 
lateral  ligament. 

better  defined  than  in  other  animals,  and  at  its  inner  end  is 
attached  to  the  front  of  the  external  tuberosity  of  the  tibia. 
The  fourth  ligament  corresponds  to  the  posterior  ligament  of 
the  superior  tibio-fibular  joint  in  man,  but  instead  of  being 
attached  to  the  tibia  it  runs  upward  and  inward  behind  that 
bone  till  it  reaches  the  back  of  the  Internal  semilunar  oartilt^e. 
Durii^  flexion  of  the  knee  the  fibula  is  free  to  glide  forward  and 
backward  on  the  outer  tuberosity  of  the  tibia,  but  as  soon  as  the 
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knee  ia  extended  the  external  lateral  ligaments  which  rnndoivii- 
*  ward  and  backward  become  tense,  and  prevent  the  fibula  moving 
backward ;  at  the  same  time,  during  extension  of  the  knee  the 
internal  semilunar  cartilage  becomes  longer  from  before  back, 
and  puts  the  posterior  ligament  connecting  it  with  the  head  of 
the  fibula  on  the  stretch,  so  that  the  fibula  can  now  move  neither 
forward  nor  back.  I  confess  that  I  do  not  know  what  advantage 
the  lemur  gains  from  this  mobility  of  the  superior  tibio-fibular 
joint,  but  we  shall  see  a  very  similar  arrangement  in  mauy  of 
the  arboreal  marsupials,  and  possibly  it  may  be  of  use  in  tree- 
climbing,  though  why  the  arboreal  monkeys  do  not  possess  the 
same  arrangement  is  difficult  to  say. 

In  the  Cheiroptera,  the  fruit  bat  (Pteropus),  as  I  have  already 
pointed  out,  has  the  tlexor  surface  of  the  knee  turned  forward. 
No  movement  except  flexion  and  extension  is  allowed,  and  it 
is  interesting  to  notice  that  there  are  no  traces  of  semilunar 
cartilages,  an  indication,  I  think,  that  these  structures  are  chiefly 
intended  to  provide  two  separate  joints,  one  above  for  hinge 
movements,  and  another  below  for  rotatory  or  gliding  move- 
ments. This  arrangement  reminds  us  of  what  we  have  already 
met  with  in  the  temporo-mandibular  joint. 

The  external  lateral  ligament,  which  of  course  is  internal  in 
the  bat,  is  double,  and  consists  of  a  superficial  and  a  deep 
part.  I  have  little  doubt  that,  as  in  the  lemur,  the  deep  part 
is  really  the  tendon  of  the  popliteus  which  has  lost  its 
muscular  portion,  not,  in  this  instance,  because  that  portion 
has  been  separated  from  it  to  move  the  fibula  on  the  tibia, 
but  because,  having  no  rotating  work  at  the  knee  to  do, 
and  no  power  of  moving  the  head  of  the  fibula,  it  has 
disappeared  from  sheer  want  of  work.  The  internal  lateral 
ligament  is  not  continued  down  the  shaft  of  the  tibia,  and  the 
crucial  ligaments  show  nothing  remarkable.  The  patella  is 
absent,  a  fact  which  is  probably  correlated  with  the  disuse  of 
the  limbs  as  organs  of  progression.  In  the  long-eared  bat 
(Plecotus),  which  will  serve  as  an  example  of  the  insectivorous 
bats,  the  knee  joint  does  allow  a  certain  amount  of  rotation, 
and  in  it  semilunar  cartilages  are  found  as  very  delicate  nogL 
This  bat  resembles  the  fruit  bat,  however,  in  the  absence  of  auy 
trace  of  a  patella.     In  the  Insectivora  the  hedgehog  and  mole 
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have  tjrpical  mammalian  knee  joints,  the  external  semilunar 
cartilage  is  attached  to  the  internal  condyle  posteriorly,  and  the 
crucial  ligaments  are  unconnected ;  otherwise  the  joint  is  as  in 
man.  Since  the  tibia  and  fibula  are  firmly  synostosed  above  and 
below  in  these  animals,  there  can  be  no  question  of  the  superior 
tibio-fibular  joint  communicating  with  the  knee. 

The  Carnivora,  like  the  Insectivora,  in  the  structure  of  their 
knee  joint,  maintain  their  reputation  for  being  very  generalised 
mammals,  though  some  Uttle  mterest  attaches  to  the  arrange- 
ment of  the  ligamentum  mucosum ;  sometimes,  as  in  the  otter, 
it  may  form  a  vertical  autero-posterior  septum,  reaching  from 
the  anterior  crucial  ligament  as  high  as  the  lower  mai^in  of 
the  trochlea ;  at  other  times,  as  in  the  bear  and  hysena,  the 
ligamentum  mucosum  is  hardly  attached  to  the  femur  at  all. 

In  the  bear  ( Urmis  Americantis),  the  same  twisting  of  the 
fibres  of  the  external  lateral  ligament  that  has  already  been 
referred  to  in  the  monkey  was  well  seen,  and  the  direction  of 
the  twist  was  the  same. 

In  the  Ungulata  the  semilunar  cartilages  have  the  ^neralised 
mammalian  attachments  already  described,  but  the  external 
lateral  ligament  is  modified  to  suit  the  disappearing  fibula.  In 
the  horse,  in  which  the  upper  part  of  the  fibula  is  present,  the 
ligament  is  attached  as  usual  to  the  head  of  that  bone.  In  the 
goat  it  is  attached  to  the  outer  tuberosity  of  the  tibia,  and  after- 
wards is  prolonged  down  among  the  muscles  as  a  fibrous  cord 
representing  the  fibula.  In  the  deer  I  could  find  no  trace  of  a 
fibula,  and  the  ligament  ended  in  the  outer  tuberosity  of  the 
tibia.  The  characteristic  twist  of  the  external  lateral  ligament 
was  well  seen  in  the  deer  (Cariaciis  rufus)  and  the  antelope 
(Tragelaphus  scriptvs),  and  the  internal  lateral  ligament  also 
showed  a  twist,  though  not  so  clearly  as  the  outer.  In  the 
internal  ligament,  the  posterior  fibres  at  the  femur  became 
internal  (superficial)  and  then  anterior  at  the  tibia — that  is  to 
say,  the  ligament  was  twisted  in  the  opposite  direction  to  the 
external  lateral. 

In  all  the  ungulates  which  I  have  examined,  the  ligamentum 
mucosum  has  a  very  extensive  attachment  to  the  femur ;  in  the 
ox  it  very  nearly  divides  the  knee  into  three  joint  cavities,  one 
between  the  trochlea  and  the  patella,  and  two  others  between 
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the  condyles  and  the  tibia.  In  my  specimen  of  the  brocket  deer 
{Cariacus  rufu8\  the  knee  was  completely  divided  into  two 
chambers,  by  a  reflexion  of  synovial  membrane,  running  from 
the  crucial  ligaments  to  the  tendon  of  the  extensor  longus  digi- 
torum,  which  rises  from  the  outer  side  of  the  trochlea ;  the  exter- 
nal condylo-tibial  articulation  is  thus  shut  off  from  the  rest  of 
the  knee  joint.  In  the  goat  and  chevrotain  the  ligamentum  muco- 
sum  is  well  marked,  and  divides  the  two  condylar  parts  of  the 
joint  from  one  another,  but  the  trochlear  portion  communicates 
with  both  of  them.  In  the  Bodentia  the  knee  joint  resembles 
that  of  the  Carnivora  and  Insectivora,  in  being  typically  mam- 
malian in  its  arrangements. 

In  the  Edentata,  the  three-toed  sloth  (Bradypus)  has  the 
synovial  cavity  between  the  patella  and  the  trochlea  completely 
shut  off  from  that  between  the  condyles  and  the  tibia,  and  these 
latter,  again,  are  separated  from  one  another.  In  the  armadillo 
the  separation  into  three  parts  was  not  quite  complete,  while  in 
the  lesser  ant-eater  (Tamandua)  and  pangolin  (Manis)  the 
attachment  of  the  ligamentum  mucosum  to  the  femur,  although 
broad,  does  not  nearly  divide  the  joint  into  three.  The  lower 
attachments  of  the  lateral  ligaments  in  the  armadillo  are  singu- 
larly low,  and  a  great  amount  of  rotation  is  allowed  at  the  knee 
joint  of  this  animal. 

In  the  Marsupialia  the  knee  and  tibio-fibular  joints  have 
several  points  of  interest.  The  crucial  and  lateral  ligaments, 
and  the  semilunar  cartilages,  have  the  generalised  mammalian 
attachments — i,e.,  they  are  as  in  man,  except  that  the  posterior 
attachment  of  the  external  semilunar  cartilage  is  to  the  internal 
condyle.  The  fibula,  as  Young  has  pointed  out,  is  capable  of  a 
forward  and  backward  movement  at  the  superior  tibio-fibular 
joint ;  the  forward  movement  is  checked  by  the  external  lateral 
ligament  of  the  knee,  while  the  backward  is  stopped  by  the  long 
and  strong  anterior  ligament  of  the  tibio-fibular  joint.  I  have 
had  the  opportunity  of  examining  the  knees  of  the  following 
marsupials — Red  kangaroo  {Macropics  rvfus),  Rock  kangaroo 
(PetrogaleX  Wallaby  {HalrrKxturus),  Phalanger  {Phalan/jfista  vui- 
piiia\  Flying  phalanger  {AcroJxUes  pygmea\  Koala  {Phageo- 
lardus),  Opossum  (Didelphys),  Tasmanian  devil  (Dast^mis),  sad 
Bandicoot  (Perameles),  and  of   these   I   think   the   phalanger 
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showed  the  greatest  apecialisation  of  the  joint,  while  the  bandi- 
coot hod  a  much  more  generalised  mammalian  knee  than  the 
rest  In  the  koala,  the  phalanger,  the  opossum,  and  the  Tasma- 
uian  devil,  the  great  mobility  of  the  fibula  has  produced  the  same 
effect  on  the  popliteuB  that  we  noticed  in  the  lemur  ;  the  fleehy 
part  acquires  an  attachment  to  the  fibula,  while  the  tendon  is 
converted  into  an  extra  external  lateral  ligament    In  all  the  mar- 


Fio.  4. — Enee  joint  o(  Opoaaum  (Didelphja)  from  the  oater  side. 
II,  external  semiliinsr  cartilage  in  Tront  ol  twisted  ext«rnHj 
lateral  liguneut ',  b,  in  front  ol  anterior  tibio-Gbular  ligsmeut ; 
C  tendon  of  )«pliteuB,  with  seiamoid  bona,  rorming  an  extra 
external  lateral  ligament ;  d,  cartilaginous  putulla. 

supials  that  I  have  examined,  except  the  bandicoot,  the  patella  is 
cartilaginous,  and  consequently  these  animals  must  want  the 
leverage  which  this  bone  gives  in  extending  the  knee.  Possibly  the 
absence  of  a  bony  patella  is  made  up  for  by  the  superior  tibio- 
fibular joint  If  the  tibia  and  fibula  are  forcibly  preaeed  together 
in  the  phalanger  or  the  opussum,  the  head  of  the  fibula  will  be 
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seen  to  glide  forward  and  inward,  and,  as  the  condyle  of  the  femur 
is  in  contact  with  it  during  flexion  of  the  joint,  this  forward  and 
inward  movement  caoses  the  knee  joint  to  extend  with  consider- 
able force ;  the  extension  of  the  knee  thus  started,  is  carried  on 
bj  the  external  lateral  ligament  dragging  the  femur  above  iti 
axis  of  rotation  after  the  advancing  head  of  the  fibula.    A  cir- 
cumstance which  confirms  me  in  the  opinion  that  the  leverage 
which  the  quadriceps  extensor  loses  through  the  absence  of  the 
patella  is  made  up  for  by  the  tibio-fibular  muscle  moving  the 
fibula,  is  that  in  the  bandicoot  (Perameles)  the  tibio-fibular 
joint  allows  very  little  movement,  the  fibula  never  articulates 
with  the  femur,  and  the  popliteus  tendon,  instead  of  being  con- 
verted into  an  extra  external  lateral  ligament,  is  continuous 
with  its  fleshy  belly  as  usual.     In  this  animal,  therefore,  the 
fibula  can  have  little  or  no  action  in  extending  the  knee,  and  we 
find  that  the  patella,  instead  of  being  a  pad  of  cartilage,  as  in 
other  marsupials,  is  an  elongated  bone,  as  in  most  other  mam- 
mals.   It  must  not  be  imagined,  however,  that  the  loss  of  the 
patella  is  always  compensated  for  by  the  mechanism  I  have 
described,  for,  in  the  kangaroos  and  wallabys,  nothing  of  the 
kind  exists ;  the  fibula  never  touches  the  femur,  and  is  not  cap- 
able of  great  approximation  to  the  tibia,  nor  does  it  in  any  way 
assist  in  the  extension  of  the  knee ;  in  spite  of  this  the  patella  is 
as  distinctly  cartilaginous  as  in  the  opossum  or  phalanger. 

One  ought  not  to  leave  the  knee  joint  of  the  marsupials  with- 
out noticing  the  great  size  which  the  external '  fabella '  attains. 

In  the  Monotremata,  the  Omithorhynchus  resembles  the  sloth 
in  having  the  knee  completely  divided  into  three  compartments 
by  the  ligamentum  mucosum. 

Both  the  external,  and,  as  far  as  I  could  see,  the  internal 
semilunar  cartilc^es,  are  attached  to  the  femur  posteriorly.  The 
fibula  articulates  with  the  external  condyle  of  the  femur  as  well 
as  with  the  tibia.  The  patella,  unlike  that  of  the  marsupials,  is 
lai^e  and  is  connected  with  the  top  of  the  fibula  by  a  trans- 
verse ligament.  The  kuee  of  the  Echidna  resembles  thai  of 
Omithorhynchus,  except  that  the  division  of  the  joint  into  three  is 
not  quite  complete.  The  anterior  crucial  ligament  is  divided  into 
two  bundles,  which  lie  side  by  side,  and  the  posterior  horn  of 
the  internal  semilunar  cartilage  turns  up  with  the  outer  of  tltese, 
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uid  80  ifl  attached  to  the  femur.    The  external  semilunar  is 
attached  to  the  femur  posteriorly,  as  in  other  mammals.     Tha 


Fio.  G.— Knee  joint  of  OnuUiort]](aehiu  from  outer  side,  a,  flbulo- 
patollar  It^nieat ;  b,  on  fibula  below  eiteruAl  lateral  liga- 
ment; e,  ligumentum  pntcltie. 

patella  ia  very  broad.     The  8ui>erior  tibio-fibular  joint  commu- 
aicates  with  the  knee,  aod  when  the  tibia  and  fibula  are  approxt- 


Fio.  6. — Knee  joint  or  Echidna,  nand  J,  doiiMe  anterior  cnicial 
ligament;  e,  poaterioi  cmdal  liganietit;  d,  eiCenial  aenii- 
lunar  cartilage  ;  e,  internal  semilnnar  cartilage. 

mated,  the  head  of  the  latter  glides  forwards,  as  it  does  in  mar- 
rapoalB, 

SatantaTif  of  the  Knee. — The  external  lateral  ligament  of  the 
knee  iu  all  mammals  (including  man)  is  twisted  in  such  a  way 
that  the  fibres  attached  posteriorly  to  the  femur  become  external, 
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and  then  anterior  when  they  reach  the  tibia.  In  some  mammals 
a  twiat  in  the  oppoaite  direction  is  found  in  the  internal  lateral 
ligament.  The  ligamentum  mucosam  may  be  (1)  quite  un- 
connected with  the  femar  as  in  the  lemur;  (2)  slightly  con- 
nected with  it  as  in  man;  (3)  forming  an  antero-posterior 
partition  between  the  two  condylar  joints,  as  in  most  monkeys 
and  the  otter;  (4)  completely  separating  the  knee  into  three 
cavities,  two  condylar  and  one  trochlear,  as  in  the  three-toed 
sloth  and  duck  mole ;  (5)  separating  the  joint  into  two  unequal 
parts,  one  trochleo-condylar  and  the  other  condylar,  as  in  the 
brocket  deer.  The  most  primitive  arrangement  of  the  semi- 
lunar cartilages  seems  to  be  that  both  are  attached  posteriorly 
to  the  tibia,  as  in  the  duck  mole  and  spiny  ant-eater  (Ornitho- 
rhynchus  and  Echidna).  In  man  both  horns  of  both  semilunar 
cartilages  are  attached  to  the  tibia.  In  other  mammals  an 
intermediate  arrangement  exists,  and  the  external  cartilage 
is  attached  posteriorly  to  the  femur,  the  internal  to  the  tibia. 
In  the  fruit  bat,  where  no  rotation  of  the  knee  occurs,  there  are 
no  semilunar  cartilages.  In  most  monkeys  the  external  semi- 
lunar cartilage  forms  a  complete  circle. 

In  certain  marsupials  the  patella  is  cartilaginous,  and  this  is 
coincident  with  a  peculiar  mobility  of  the  superior  tibio-fibular 
joint  by  which  extension  of  the  knee  is  assisted.  In  most 
mammals  the  superior  tibio-fibular  joint,  when  it  is  present,  is 
continuous  with  the  knee  joint.     Man  is  an  exception  to  this 

The  Ankle  Joint. 

In  contrasting  the  ankle  joint  of  monkeys  with  that  of  mau 
one  is  struck  by  the  feeble  development  of  the  anterior  fasci- 
culus of  the  external  lateral  ligament.  Keith  has  already 
pointed  this  out,  and  I  am  able  to  state  that  in  my  specimens 
of  vervet  and  baboon  the  bundle  was  entirely  absent,  while  in 
the  macaque  it  was  so  feeble  as  to  require  careful  looking  for. 
This  ligament  in  man  checks  lateral  movement  of  the  joint, 
and  is  most  tense  when  the  foot  is  at  a  right  angle  with  the 
leg.  I  have  had  no  opportunity  of  studying  it  in  the  anthro- 
poid apes,  but  as  far  as  my  researches  go,  it  is  limited  to  certain 
monkeys  and  man,  and   therefore  its  presence  is  presumably 
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coDDected  with  the  maintenaDce  of  the  erect  position.  In  the 
spider  monkey  and  lemur  the  middle  faeciculuQ  of  the  ligament 
is  found  attached  to  the  anterior  border  of  the  external  mal- 
leolus instead  of  to  the  tip  of  that  process.  The  internal  lateral 
ligament  in  all  the  monkeys  I  have  examined  (baboon,  three 
macaques,  vervet,  capuchin,  and  apider  monkey)  is  distinctly 
divided  into  an  anterior  and  posterior  band  ;  of  these  the  anterior 
coDsista  of  a  superficial  and  deep  portion.  The  superficisl  runs 
to  the  navicular  bone,  and  then  on  to  the  metatarsus ;  it  is 
described  by  Keith  as  the  internal  tibio-tarso-metatarsal  Uga- 


Fio.  7.— Ankle  joint  of  VerTet  Monkey  (Cercopithecos)  from  inner  side. 
a,  tibia  above  epiphysial  lioe  ;  b,  astragalus  behind  posterior  fasci- 
culns  of  internal  lateral  ligament ;  r,  astragalus  in  Tront  of  anterior 
fucicnlos  of  interior  UtenI  ligament j  d,  suitentacnlum  tali;  t, 
navicular ;  /,  internal  cnneiforui ;  g,  middle  cuneiform  ;  A,  tint 
metatarsal, 

meut,  while  the  deep  part  runs  to  the  navicular  bone  and 
calcaneo-navicular  ligament.  The  posterior  part  of  the  internal 
lateral  ligameut  is  not  so  strong,  and  runs  downward  and  back- 
ward to  the  posterior  part  of  the  internal  surface  of  the  astra- 
galus ;  it  is  broad  and  quadrilateral  The  articular  surface  of 
the  lower  end  of  the  monkey's  tibia  differs  from  that  of  man,  in 
'  that  it  extends  somewhat  on  to  the  front  of  the  bone  and  comes 
into  contact  with  the  neck  of  the  astragalus  during  dorsal  dexioQ 
of  the  ankle ;  this  arrangement  has  been  noticed  in  some  of  the 
lower  races  of  man.  The  inferior  tibiofibular  joint  of  monkeys 
difTsrs  little  from  that  of  man,  except  that  there  is  rather  more 
Sfuovial  membrane. 
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In  the  lemur  the  ankle  joint  is  practically  identical  with  that 
of  the  monkeys,  and  tiiere  is  no  anterior  fasciculus  of  the 
external  lateral  ligament ;  there  is  a  good  deal  more  movement* 
however,  in  the  inferior  tibio-fibular  joint. 

In  the  Cheiroptera  the  fruit  bat  (Pteropus)  has  the  lower  end 
of  the  fibula  ending  in  a  flat  articular  surface,  which  plays  on  a 
corresponding  surface  on  the  calcaneum.  The  joint  between 
these  two  is  completely  shut  off  from  the  rest  of  the  ankle  joint, 
and  there  is  a  very  definite  extension  of  the  synovial  membrane 
of  the  ankle  between  the  lower  ends  of  the  tibia  and  fibula. 

In  the  Insectivora  the  hedgehog,  mole,  and  shrew  have  the 
tibia  and  fibula  fused  together  in  the  lower  part  of  the  leg. 
The  external  malleolus  articulates  by  its  tip  with  the  calcaneum 
during  dorsal  flexion.  As  in  all  mammals  below  the  higher 
Primates,  the  anterior  fasciculus  of  the  external  lateral  ligament 
is  absent,  and  the  middle  fasciculus  is  attached  to  the  front  of 
the  malleolus,  and  is  nearly  horizontal  in  direction.  The  pos- 
terior fasciculus  is  distinct,  and  connects  the  fibula  with  the 
astragalus  as  usual. 

The  internal  lateral  ligament  is  now  seen  in  its  generalised 
form;  it  consists  of  two  definite  bands ~the  anterior  and  more 
superficial  passes  to  the  navicular  bone  (tibio-navicular),  while 
the  posterior  and  deeper  one  is  tibio-astragalar. 

In  the  Carnivora  the  fibula  is  always  distinct  from  the  tibia 
at  its  lower  end,  and  only  the  middle  and  posterior  fascicuU  of 
the  external  lateral  ligament  are  present.  Unlike  the  Cheirop- 
tera and  Insectivora,  the  fibula  does  not  directly  articulate  with 
the  calcaneum.  In  the  Ungulata  special  arrangements  are 
adopted  to  make  the  ankle  a  perfect  hinge.  In  addition  to 
the  exact  fitting  of  the  lower  end  of  the  tibia  into  the  dsesp 
trochlea  of  the  astragalus  the  external  lateral  ligament  is  X' 
shaped,  and  so  is  tight  in  all  positions  of  the  joint.  The  deep 
portion  of  the  X  i*^^s  downward  and  backward,  and  is  no  doubt 
the  middle  fasciculus  of  the  external  lateral  ligament  of  hmnan 
anatomy,  but  the  superficial  limb  which  runs  downward  and 
forward  has  no  representative  in  the  more  generalised  ankles 
hitherto  described.  The  anterior  margin  of  the  articular  srxdnce 
of  the  tibia  is  bevelled  in  most  Artiodactyla ;  when  the  foot  is 
dorsally  fiexed  for  rather  over  a  right  angle  this  margin  eomei 
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in  contact  with  the  front  of  the  facet  on  the  astragalus,  and 
movement  of  the  ankle  joint  is  brought  to  a  standstill.  It  must 
not  be  imagined,  however,  that  the  foot  cannot  be  dorsally 
flexed  further  than  this,  for  the  head  of  the  astragalus  continues 
the  hinge  movement,  and  rotates  round  a  transverse  axis  until 
the  astragalus  is  at  right  angles  with  the  long  axis  of  the  foot. 
In  this  way  dorsal  flexion  can  be  carried  on  until  the  metatarsals 
are  nearly  parallel  with  the  tibia.  The  hinge-like  steadiness  of  the 
ankle  is  increased  by  the  external  malleolus  being  concave  from 
before  back  at  its  lower  end,  and  articulating  with  a  similar 


Fio.  8. — Ankle  joint  of  Chevrotain  (Tragulus)  from  outer  side. 
a,  middle  fasciculus  of  external  lateral  ligament ;  b,  extra 
ligament  forminp;  an  X  ;  <^»  posterior  fasciculus. 

convexity  on  the  calcaneum.  The  internal  lateral  ligament 
consists  of  the  two  usual  parts,  the  tibio-navicular,  which  is 
very  strong,  is  superficial  to  and  almost  covers  the  tibio-astra- 
g-alar  portion ;  in  addition  to  these  there  is  another  and  more 
superficial  band,  which  runs  downward  and  backward  across  the 
tibio-navicular  portion,  and  so  forms  an  X  on  the  inner  side  of 
the  joint.  The  above  description  of  the  ligaments,  which  is 
taten  from  an  examination  of  the  ankle  of  the  deer,  antelope, 
and  goat,  seems  to  hold  good  for  most  ungulates;  the  bony 
surfaces  are,  however,  liable  to  vary  with  the  presence  or 
absence  of  the  lower  end  of  the  fibula.  Hyrax  is  remarkable 
for  the  way  in  which  the  internal  malleolus  forms  a  spherical 
knob,  which  projects  into  a  concavity  on  the  inner  side  of  the 
astragalus. 
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In  the  Eodentia  the  ankle  is  fairly  generalised,  the  antero- 
posterior notch  in  the  trochlear  surface  of  the  astragalus  is  very 
deep,  and  dorsal  flexion  of  the  ankle  is  stopped  by  the  tibia  aud 
astragalus  coming  into  contact  anteriorly.  The  two  bands  of 
the  internal  lateral  ligament  are  distinct,  but  the  anterior  one 
is  sometimes,  as  in  the  case  of  Pedetes,  attached  to  the  sustenta- 
culum tali  instead  of  to  the  navicular.  In  the  external  lateral 
ligament  of  Pedetes  and  Dipus  the  same  arrangement  for  form- 
ing an  X  ligament,  already  noticed  in  the  Ungulata,  is  found. 
The  external  malleolus  does  not  articulate  with  the  calcaneum. 

In  the  Edentata  most  of  the  species,  such  as  Dasypus,  Mauis, 
and  Tamandua,  have  a  very  generalised  ankle,  agreeing  with  that 
already  described  in  the  Garni vora  and  Insectivora.  In  Brady- 
pus,  however,  the  external  malleolus  forms  a  convex  pivot,  which 
fits  into  a  concavity  on  the  outer  side  of  the  astragalus,  an 
arrangement  resembling  that  of  Hyrax,  but  on  the  opposite 
side  of  the  joint. 

The  Marsupialia  are  remarkable  for  the  possession  of  a 
structure  which  is  not  found  in  the  ankles  of  other  mammals. 
My  attention  was  first  called  to  it  by  Mr  Pearson,  the  Pro- 
sector of  this  College,  in  the  Tasmanian  devil  In  this  animal 
it  closely  resembles  the  semilunar  cartilages  of  the  knee,  and 
lies  between  the  lower  end  of  the  fibula  and  the  astragalus. 
The  two  horns  of  the  semilune  are  directed  outwards,  the  pos- 
terior being  attached  to  the  fibula  just  behind  the  external 
lateral  ligament,  while  the  anterior  one  is  attached  to  the 
calcaneum  in  front  of  the  lower  attachment  of  the  same  liga- 
ment. This  structure  is  present  in  all  the  marsupials  vrhich 
I  have  examined,  but  is  best  seen  in  those  in  which  the  fibula 
is  very  movable,  such  as  the  Tasmanian  devil,  phalanger,  and 
opossum.  In  the  kangaroo  it  is  present,  but  does  not  form  a 
semilune ;  instead  it  runs  obliquely  downward  and  forward  on 
the  inner  side  of  the  external  lateral  ligament.  I  think  that  its 
attachments  and  its  arrangement  in  the  kangaroo  point  to  its 
being  derived  from  some  of  the  inner  fibres  of  the  so-called 
middle  fasciculus  of  the  external  lateral  ligament,  and  its 
presence  is  possibly  explained  by  the  fact  that  in  most  marsu- 
pials there  is  a  certain  amount  of  rotation  of  the  fibula  on  its 
long  axis  in  addition  to  the  ordinary  hinge  movement  of  the 
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ankle.  What  I  have  seen  of  complete  and  partial  meniBci  in 
jointa  makes  me  think  that  their  presence  generally  iudicatea 
two  or  more  different  kinds  of  movement,  and  that  their  origin 
is  more  likely  to  be  an  ingrowth  from  the  surrounding  capsule 
than  a  modification  of  some  ancestral  structure.  In  the  kan- 
garoos the  same  X-Iike  arrangement  of  the  external  lateral 
ligament  seen  in  Ungulates  and  Pedetes  is  found. 

In  the  Monotremata  both  Ornithorhynchus  and  Echidna  have 
the  internal  malleolus  knobbed,  as  in  Hyrax,  to  fit  into  the 
iimer  side  of  the  astragalus,  and  so  form  a  pivot.  The  external 
lateral  ligament  consists  of  only  one  very  strong  fasciculus,  but 


Fio.  9. —Ankle  joint  of  Wallaby  (HaJmatuma)  from  outer  side. 
a,  mid  fascicalna  of  external  lateral  ligament ;  b,  extra  faaci- 
cuius  ;  c,  posterior  fasciculus  ;  if,  nidimcutary  int«rarticular 
ineniacna  ;  t,  calcaneum  ;  /,  libula  ;  g,  tiOia ;  h,  cutraid. 

instead  o!  being  attached  to  the  fibula  it  comes  from  the  anterior 
margin  of  the  lower  end  of  the  tibia  close  to  the  fibular  articu- 
lation. It  runs  downward  and  backward  to  the  calcaneum,  and 
is  evidently  the  middle  fasciculus  of  the  external  lateral  liga- 
ment of  human  anatomy.  Its  attachments  and  direction  forcibly 
remind  one  of  the  arrangement  of  the  fibres  in  the  dorsal  liga- 
ment of  the  carpus,  which  runs  obhquely  from  the  radius  to  the 
cnneiform  in  man  and  most  other  mammals. 

Summary. — The  anterior  fasciculus  of   the   external  lateral 
ligament  disappears  in  the  lower  Primates,  and   is   probably 
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an  adaptatiou  to  the  erect  position.  When  the  anterior 
faaciculus  has  disappeared  the  middle  one  occupies  its  point  of 
attachment  to  the  front  ot  the  external  malleolus,  but  in  the 
monotremes  it  is  fixed  to  the  front  of  the  tibia ;  there  is  there- 
fore some  reason  to  think  that  the  middle  fasciculos  of  the 


Fio.  10,— Aiikle  joint  of  Phdsdger  from  outer  aide.  (The  fibula  haa 
been  removed.)  a,  tibia  ;  li,  head  of  oatragnlus ;  c,  iiitcrarticular 
meuiscus ;  il,  ossiticatiou  in  mtai&cus;  e,  i-osterioi-  fasciculus  of 
external  lateral  ligameut ;/,  middle  fasciculus  of  external  latent 
ligament;  ij,  calcaneum  :  li,  cuboid. 

external  lateral  ligament  of  the  ankle  is  serially  homologous 
with  the  dorsal  ligament  of  the  wrist  joint,  while  the  posterior 
fiteciculuB  would  probiibly  be  the  serial  homologue  of  the  ulno- 
carpal  band  ot  the  palmar  ligament  of  the  wrist,  and  the  tibio- 
astragalar  bundle  of  the  internal  lateral  ligament  of  the  ankle 
the  serial  homologue  of  the  radio-carpul  part  of  the  palmar  liga- 
ment of  the  wrist.  This  would  leavi;  the  tibio-navicular  bundle 
of  the  internal  lateral  ligament  of  the  ankle  as  the  serial  homo- 
logue  of  the  external  lateral  or  radio-scaphoid  ligament  of  the 
wrist. 
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Special  protection  against  lateral  movement  of  the  ankle  is 
attained  in  animals  with  a  long  foot,  such  as  the  ungulates, 
the  kangaroo,  and  the  Cape  jumping  hare,  by  additional  lateral 
ligaments,  which  cross  the  permanent  ones  in  such  a  way  as  to 
form  an  X- 

In  many  marsupials  a  semilunar  fibro-cartilage  is  interposed 
between  the  fibula  and  astr^alus,  and  there  are  reasons  for 
believing  that  this  is  derived  from  some  of  the  fibres  of  the 
external  lateral  ligament.  In  these  animals  rotation  as  well  as 
gliding  and  hinge  movements  take  place  at  this  joint,  and  this 
is  one  of  the  instances  which  make  me  believe  that  iutra-articular 
menisci  are  formed  in  those  joints  where  more  than  one  kind  of 
movement  is  present,  and  that,  as  in  the  bat's  knee,  they  tend 
to  disappear  when  only  one  kind  of  movement  persists. 


ON  A  MODIFICATION  OF  THE  HELMHOLTZ  THEORY 
OF  HEAKING.i    By  Albert  A.  Gray,  M.D.,  F.RS.E. 

When  engaged  in  examining,  under  the  microscope,  a  section  of 
the  cochlea  of  the  white  mouse,  the  writer  was  struck  by  an 
anatomical  fact  which  appeared  to  him  to  be  of  considerable 
importance  in  regard  to  the  question  as  to  the  way  in  which 
this  organ  performs  its  function. 

The  fact  referred  to  is  simply  this,  that  the  ligamentum  spirale 
increases  in  size  and  becomes  more  distinctly  fibrous  as  it  passes 
from  the  apex  of  the  cochlea  to  the  base.  The  transition, 
though  gradual,  is  a  very  pronounced  one  in  both  respects,  and 
it  is  to  be  added  that  the  larger  and  more  fibrous  it  becomes,  it 
takes  up  the  usual  microscopic  stains,  particularly  the  extra 
nuclear  ones,  with  increasing  avidity.  The  accompanying  figure 
shows  these  facts  plainly  enough.  It  represents  a  section  of 
the  human  cochlea. 

On  observing  this  fact,  sections  of  the  cochlea  of  other 
animals  were  examined,  and  the  same  fact  was  found  to  be  true 
in  all  cases.  The  animals  were  the  guinea-pig,  rat,  rabbit, 
kitten,  calf,  and  the  human  subject,  and  in  the  last  it  was  most 
pronounced.  We  may  therefore  assume  that  it  is  true  of  all 
mammals. 

Now  whether  this  has  been  described  by  anatomists  before  or 
not,  it  has  not  had  that  attention  at  the  hands  of  the  physio- 
logist which  it  deserves,  for  if  we  take  it  in  relationship  to  the 
other  well-known  facts  concerning  the  basilar  membrane  and  its 
apppudages,  it  is  remarkable.  Thus  it  is  well  known,  and  has 
often  been  cited  in  physiological  discussions,  that  the  basilar 
membrane  itself  gradually  diminishes  in  breadth  from  apex  to 
base,  while  the  rods  of  Corti,  the  hair-cells,  and  the  hairs  them- 
selves, all  become  smaller. 

It  was  this  diminution  in  size  of  the  structures  connected 
with  Corti's  organ  which  Helniholtz  urged  strongly  in  support  of 

'  Read  at  a  meeting  of  the  British  Association  fur  the  Advancement  of  Science, 
held  at  Dover,  September  1399. 
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his  well-known  theory  that  the  analysis  of  soudcI  takes  place  in  the 
cochlea.  He  looked  upon  the  basi^r  membrane  as  being  made 
up  of  many  strings,  those  at  the  apex  being  comparatively  long, 
while  those  at  the  base  were  short ;  the  former,  therefore,  were 
supposed  to  resonate  in  sympathy  with  deep  notes,  and  the 
farther  down  the  basilar  membrane  we  go,  the  shorter  do  the 
strings  become,  and,  therefore,  resonate  in  sympathy  with  higher 
notes.     Each  string,  therefore,  according  to  Helmholtz,  vibrates 


?lo,  1.— lu  preparing  the  section  of  whirh  this  is  a  photograph,  the  lowest 
portion  of  the  basilar  membrane  becaiue  dialocatcd  upwards  and  laterally ; 
hence  it  appears  twice  in  tbc  lowest  whorl  to  the  hft 

in  sympathy  with  a  particular  note.  Keeping  this  in  view,  it 
will  be  of  interest  to  see  how  the  fact  above  referred  to  afTects 
the  correctness  of  this  theory. 

In  the  first  place,  it  is  clear  that  since  the  ligamentum  spirale 
consists  either  of  unstriped  muscular  fibre,  or,  more  probably,  of 
fibrous  connective  tissue,  it  must  produce  tension  on  the  basilar 
membrane.  And  further,  since,  as  above  described,  it  increases 
greatly  in  size  from  the  apex  of  the  cochlea  to  the  base,  then  the 
tension  exerted  by  it  on  the  basilar  membrane  must  increase  to 
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a  correspondiug  extent.  Now,  if  we  look  upon  the  basilar  mem- 
brane as  a  series  of  strings,  as  Helmboltz  did,  then  these  strings 
must  be  under  gradually  increasing  tension  the  further  towards 
the  base  of  the  cochlea  we  go,  and  this  being  so,  their  vibration- 
frequency  must  increase  correspondingly.  The  fact  of  the 
iucreasing  size  and  strength  of  the  ligamentum  spirale  down- 
|yar4,  therefore,  strengthens  immensely  the  view  that  sound  is 
ap^ljsed  into  its  simple  harmonic  constituents  by  the  cochlea. 
The  change  in  size  of  the  structures  of  the  organ  of  Corti,  and 
the  diminution  in  breadth  of  the  basilar  membrane,  might  be 
mere  coincidences,  or  might  not  alone  be  sufficient  grounds  for 
supporting  this  view,  but  when  we  have  associated  with  these 
the  remaining  factor,  tension,  which  would  affect  the  pitch  of  the 
membrane,  then  the  evidence  appears  overwhelming. 

It  must  be  noted  that  we  are  not  as  yet  dealing  with  the  exact 
way  in  which  the  cochlea  may  analyse  sound,  but  only  with  the 
question  as  to  whether  it  analyses  sound  at  all,  as  Helmboltz 
maintained,  or  not,  as  Voltolini,  Kutherford,  and  Waller  held. 
This  fact  of  the  increasing  size  of  the  ligamentum  spirale  down- 
ward, which  has  not  claimed  the  attention  of  physiologists, 
appears  to  the  writer  to  .  be  exceedingly  strong  evidence  in 
favour  of  the  view  that  sound  is  analysed  in  the  cochlea  so  far 
as  it  is  ever  analysed  at  all. 

The  anatomical  facts  in  favour  of  the  view  that  sound  is 
analysed  in  the  cochlea  are  thus  so  strong,  that  it  seems  almost 
a  work  of  supererogation  to  add  other  objections  to  the  telephone 
theory,  as  it  has  been  called,  of  Rutherford  and  Voltolini.  This 
theory,  shortly  stated,  is,  that  the  basilar  membrane  vibrates  as 
a  whole  to  every  note,  and  the  nerve  fibres  transmit  to  the  brain 
stimuli  of  a  frequency  the  same  as  the  vibrations  of  the  notes. 

In  j^ddition  to  the  well-known  objections  to  this  theory,  the 
present  writer  has  to  add  another,  which  is  founded  upon  patho- 
logical evidence.  He  had  the  opportunity  of  seeing  a  post- 
mortem examination  upon  the  body  of  a  young  man  whom  he 
had  examined  during  life  for  deafness  and  loud  singing  noises  in 
the  ear.  At  the  post-mortem  no  disease  of  either  the  middle  ear 
or  labyrinth  was  found,  but  in  the  substance  of  the  medulla,  and 
involving  the  roots  of  the  auditory  nerve,  was  a  small  tumour. 
One  or  two  other  cases  of  a  similar  description  have  been  re- 
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corded  (Siebenmaoa,  "  Ueber  A  central.  Horbahn,"  etc:,  Zeitsch, 
/.  Ohrenh.  Bd.  xxix.,  s.  78). 

Now  it  i9  surely  impossible  to  conceive  of  a  slowly-growing 
tumour  stimulating  the  nerve  fibres  at  a  given  rate  per  second, 
and  yet  if  the  telephone-theory  were  correct,  it  would  require 
such  a  condition  of  affairs  to  produce  the  sensation  of  a  singing 
noise.  On  the  other  hand,  such  a  case  offers  no  objection  to 
the  view  that  sound  is  analysed  in  the  cochlea,  for  these  theories 
only  require  that  if  the  nerve  fibres  be  stimulated  in  any  way 
the  sensation  of  sound  will  be  produced  in  the  mind. 

There  are  other  objections  to  the  telephone-theory  of  the 
cochlea,  but  they  have  been  published  elsewhere.  (Vide  Text- 
book of  Physiology,  vol.  ii.,  edited  by  Schiifer  Cliapter  on 
"  Hearing,"  by  M^Kendrick  and  Gray.     In  course  of  publication.) 

It  only  remains  to  add  that  an  objection  to  the  view  that 
sound  is  analysed  in  the  cochlea,  has  been  made  in  reference  to 
the  differential  tones.  These  tones,  according  to  those  who  put 
forward  this  objection,  cannot  set  resonators  in  vibration,  and 
must  therefore  be  generated  iu  the  mind  of  the  listener,  which, 
if  it  were  true,  would  be  fatal  to  the  theory  that  sound  is 
analysed  in  the  cochlea  by  sympathetic  resonance.  Eecent 
investigation,  however,  by  Forsyth  and  Sowter  {Proc.  Roy.  Soc. 
Lond.y  Lxxxiii.,  1898,  p.  396),  has  shown  that  differential 
tones  can  be  resonated  if  the  resonator  is  sufficiently  accurate. 
Furthermore,  it  has  been  pointed  out  that  differential  tones 
may  be  generated  in  the  middle  ear — Helmholtz  {Tonempf,  3rd 
edit.,  trans,  by  Ellis,  p.  237),  Preyer  (Wiedemann's  AnnaL, 
xxxviiL,  a.  131),  and  others;  and  this  would  fully  account  for 
the  fact  that  it  is  admittedly  difficult,  though  not  impossible, 
to  resonate  differential  tones. 

There  is,  therefore,  no  satisfactory  objection  to  the  view  that 
sound  is  analysed  in  the  cochlea,  and  we  have  seen  that  both  on 
anatomical  and  pathological  grounds  there  is  very  good  evidence 
in  favour  of  this  view.  Other  reasons  in  support  of  it  will  be 
foond  in  Schiifer's  Text-book  of  Physiology,  ^ol.  ii.,  loc.  cit. 

Having  thus  cleared  the  ground,  we  may  now  go  on  to  discuss 
the  means  by  which  sound  is  analysed  in  the  cochlea. 

The  first  subject  that  comes  under  notice  is  the  theory  of 
Helmholtz.     This  theory  is  very  simple,  and  is  well  known. 
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Helmholtz  looked  upon  each  transverse  fibre  of  the  basilar 
membrane  to  be  tuned  to  a  particular  tone  and  no  other,  so 
that  when  that  tone,  either  by  itself  or  in  conjunction  with 
other  tones,  is  transmitted  to  the  fluid  in  the  labyrinth,  the 
fibre  (possibly  also  one  or  two  adjacent  ones)  is  set  in  sym- 
pathetic vibration.  The  nerve-fibre  which  is  in  contact  with 
the  hair-cell  corresponding  to  that  fibre,  will  thus  be  stimulated, 
and,  the  stimulus  being  carried  to  the  brain,  we  are  conscious  of 
the  existence  of  that  particular  tone.  When  the  tone  is  a  com- 
pound one,  therefore,  those  fibres  of  the  basilar  membrane  which 
are  in  sympathy  with  the  several  simple  tones  of  which  the 
compound  tone  is  composed,  will  be  set  in  vibration,  and  we 
become  conscious  of  the  co-existence  of  several  simple  tones  of 
different  pitch. 

This  theory  in  some  respects  suits  the  facts  of  the  case  very 
well.  It  is  in  keeping  with  the  gradual  decrease  which  the 
fibres  of  the  basilar  membrane  undergo  in  length  from  apex  to 
base.  It  is,  further,  in  keeping  with  the  increase  in  size  and 
strength  of  the  ligamentum  spirale  downwards,  as  described  at 
the  beginning  of  this  paper,  though  unknown  when  Helmholtz 
put  forth  his  theory.  For  obviously,  as  the  fibres  become 
shortened  and  more  tense  towards  the  base  of  the  cochlea, 
their  vibration  -  frequency  becomes  increased.  Helmholtz's 
theory  also  explains  the  fact,  which  has  been  discovered  by 
pathological  and  clinical  examination,  that  when  the  lower 
turns  of  the  cochlea  are  affected  by  disease  the  hearing  for  the 
higher  musical  notes  is  lost. 

To  the  acceptance  of  Helmholtz's  theory  as  it  stands  there 
appears  to  the  writer  to  be  some  very  serious  objections ; 
indeed,  unless  they  are  explained  these  are  fatal  to  the  theory. 
Amongst  other  objections  which  have  occurred  to  the  writer  are 
these: — The  existence  of  noise  as  distinguished  from  musical 
sounds ;  the  fact  that  the  ear  is,  under  certain  circumstances, 
able  to  appreciate  difference  of  phase. 

Helmholtz  appears  to  have  been,  to  a  certain  extent  at  least, 
aware  of  these  difficulties,  for  he  tried  to  explain  the  first  in  a 
way  which  we  now  know  to  be  inadmissible,  and  he  denied  the 
truth  of  the  second  altogether,  whereas  we  know  now  that  the 
ear  does  appreciate  phase  under  certain  circumstances. 
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Taking  up  the  first  difficulty,  the  existence  of  noise  as  distin- 
guished from  musical  sounds. 

Helmholtz  first  of  all  makes  the  assumption  that  a  sound  is 
noisy  in  character  on  account  of  the  irregularity  of  the  wave. 
But  upon  examination  this  assumption  is  found  not  to  be  war- 
rauted,  as  the  writer  has  found  out  by  the  following  experiment. 

Four  tuning-forks  (two  ut^,  sig,  and  sigfe)  were  taken ;  these 
forks  were  weighted  so  as  to  form  a  series,  with  intervals  of 
about  twelve  to  twenty  vibrations  per  second,  so  that  when  any 
two  consecutive  forks  were  sounded  they  gave  twelve  to  twenty 
beats  per  second.  When  all  were  sounded  together  with  the 
requisite  intensity  a  noise  was  produced,  with  only  a  very  slight 
trace  of  musical  element  in  it.  In  this  case,  of  course,  the  wave 
form  would  be  very  irregular.  The  next  step  was  to  take  four 
forks  each  one  octave  above  the  other,  and  mistune  them  in  the 
same  way  as  the  first  set  were  mistuned.  The  forks  selected 
were:— utg  (128  v.d.),  ut3(256  v.d.),  ut^  (572  v.d.),  ut^  (1024  v.d.), 
and  each  wa»  mistuned  so  as  to  give  approximately  twelve 
beats  with  the  preceding  one  j  thus  the  second  fork  gave  twelve 
beats  with  the  first,  the  third  gave  twelve  beats  with  the  second, 
and  the  fourth  gave  twelve  beats  with  the  third.  When  these 
were  all  bowed  together  the  resulting  sound  was  not  merely  a 
noise,  but  a  musical  sound,  though,  of  course,  a  somewhat  dis- 
cordant one.  There  was  a  slight  noisy  element  present,  but  this 
was  probably  due  to  the  upper  partials  of  one  fork  having  a 
pitch  nearly  the  same  as  the  upper  partials  of  some  of  the 
others,  and  thus  producing  a  noise  in  exactly  the  same  way  as 
in  the  preceding  experiment.  Experiments  of  this  kind  with 
timing-forks  are,  of  course,  rough,  on  account  of  the  difficulty  of 
getting  the  requisite  intensities  and  also  of  getting  the  proper 
intervals.  A  series  of  suitable  organ  pipes  would,  no  doubt, 
give  more  satisfactory  results. 

Now,  in  the  second  experiment,  the  vibrations  or  the  wave- 
forms representing  them  are  just  as  irregular  as  in  the  first  one ; 
in  fact,  they  are  probably  more  so,  but  the  resulting  sound  was 
much  more  musical  in  the  second  experiment.  It  appears, 
therefore,  that  the  noisy  character  of  a  sound  does  not  depend 
only  upon  irregularity  of  vibrations,  as  Helmholtz  assumed. 

To  proceed  further.     After  assuming  that  noise  was  due  to 
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irregularity  of  the  vibrations,  Helmholtz  suggested  that  the 
portions  of  the  labyrinth  which  were  concerned  in  transforming 
these  vibrations  into  nerve-stimuli  were  the  crista  and  macula 
acustica.  At  the  time  Helmholtz  wrote,  tlxe  suggestion, 
although  a  matter  of  conjecture,  was  perfectly  legitimate,  but 
in  the  light  of  subsequent  research  by  Crum  Brown,  Macb, 
Goltz,  Ewald,  and  many  others,  physiologists  have  come  to  the 
almost  unanimous  opinion  that  these  structures  are  not  concerned 
in  the  perception  of  sound. 

We  are  therefore  driven  to  the  conclusion  that  noises  as  well 
as  musical  sounds  are  perceived  by  means  of  the  cochlea. 

There  is  yet  another  objection  to  Helmholtz's  theory.  Noise 
has  pitch.  It  is  not  meant  that  the  exact  pitch,  in  the  musical 
sense  of  the  term,  can  be  given,  but  it  is  a  matter  of  commou 
observation  that  noises  have  pitch  relative  to  one  another.  Thus, 
the  ticks  of  different  watches  have  different  pitches.  Irregular 
shaped  blocks  of  wood  or  iron,  or  indeed  any  substance,  give 
noises  of  different  pitch  according  to  their  size,  shape,  and  tex- 
ture, although  the  sounds  given  forth  are  clearly  noises  and  not 
musical  sounds.  If,  then,  the  cochlea  enables  us  to  judge  of  the 
pitch  of  a  musical  sound,  it  is  but  reasonable  to  suppose  that  it 
also  enables  us,  though  more  roughly,  to  judge  the  pitch  of  a 
noise,  especially  when  we  remember  that  there  is  no  sliarp  line 
of  division  between  noises  and  musical  sounds. 

Further  evidence  of  the  relationship  between  noise  and  pitch 
is  furnished  by  the  following  experiment.  A  set  of  four  forks 
at  close  intervals  were  taken  and  mistuned,  as  in  the  previous 
experiment,  so  that  the  second  gave  about  twelve  beats  with  the 
first,  the  third  gave  about  twelve  beats  with  the  second,  and  the 
fourth  gave  about  twelve  beats  with  the  third.  Then  another 
set  of  higher  forks,  also  at  close  intervals,  were  mistuned  in 
exactly  the  same  way.  When  all  the  first  set  of  forks  were 
bowed  a  noise  resulted  with  hardly  any  musical  element  in  it. 
So  also  when  the  second  set  were  bowed  the  result  was  only  a 
noise.  But  in  the  second  case  the  noise  was  clearly  of  a  higher 
pitch  than  the  first. 

From  these  experiments  the  natural  deduction  is  that  noises 
have  pitch  relative  to  one  another,  and  that  the  sound  vibrations 
affect  the  nerve-terminations  in  the  cochlea  in  some  way  unex- 


THE   HELMHOLTZ  THEOKY   OF  HEARING.  831 

plained  by  the  theory  of  Hehiiholtz.  For  if  the  noise  were 
analysed  into  its  constituents  by  the  transverse  fibres  of  the 
basilar  membrane,  why  is  it  that  we  can  obtain  little  or  no 
musical  element  from  the  sound  however  much  we  concentrate 
oar  attention,  and  still  less  can  we  analyse  the  sound  ?  In  this 
respect  noise  differs  from  a  discord.  A  discord  may  be,  and 
often  is,  clearly  a  musical  sound. 

As  regards  the  perception  of  the  difference  of  phase  of  a 
sound  by  the  ear  the  question  is  a  somewhat  complicated  one. 

Of  course  the  single  ear  ^  can  distinguish  no  difference 
between  the  two  phases  of  a  pure  simple  tone.  Neither  can 
the  ear  distinguish  the  difference  in  phase  in  a  complete  har- 
mony, and  from  experiments  which  I  have  carried  out  I  find 
that  the  single  ear  perceives  no  difference  in  phase  in  a  mistuned 
unison.  But  Lord  Kelvin  {Proc.  Roy.  Soc.  Edin.,  vol.  ix.  p.  602) 
showed  that  in  the  case  of  imperfect  harmonies  other  than  a 
unison,  the  ear  did  notice  a  difference  'ac<5ording  to  the  phase. 
The  difference  was  for  the  most  part  more  noticeable  in  imperfect 
ternaries  than  binaries. 

Helmholtz's  explanation  of  this  is  that  the  ear  does  not  per- 
ceive a  difference  in  the  phase,  but  that  some  upper  partials  of 
the  two  notes  were  beating  together.  To  this,  however,  there 
is  the  objection  that  the  sounds  were  produced  by  tuning-forks, 
the  purest  of  all  tones. 

There  is  yet  one  other  objection  which  the  writer  would  like 
to  make  against  the  theory  of  Helmholtz,  and  which  he  deduces 
from  the  following  experiment: — Two  ut,,  tuning-forks  were 
chosen,  and  one  was  mistuned  to  give  four  beats  per  second 

■ 

with  the  other.  When  the  forks  were  sounded  separately  the 
difference  in  pitch  was  clearly  noticeable.  On  sounding  the 
two  together  the  beats  were  of  course  heard,  but  there  was  no 
analysis  of  the  sound  into  its  two  constituents.  That  is  to  say, 
there  was  heard  only  one  note,  subjected  of  course  to  the 
interruptions  of  the  silences. 

Now,  if  the  ear  really  analysed  the  sound  then  we  should  have 
been   able  to  distinguish   the  difference  in  pitch   of   the   two 

^  The  power  of  the  two  ears,  separately,  to  perceive  differences  of  phase  as 
described  by  Prof.  S.  P.  Thompson,  does  not  come  into  consideration  in  this 
matter. 
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generating  notes  even  better  than  when  they  are  sounded 
separately,  for  we  should  have  the  opportunity  of  simultaneous 
comparison  as  in  the  case  of  two  approximate  shades  of  colour 
seen  by  the  eye.  Of  course  the  difficulty  cannot  depend  upon 
the  want  of  delicacy  of  the  ear,  because,  as  we  saw,  it  can  per- 
ceive the  difference  clearly  enough  if  the  forks  are  sounded 
separately.  If,  however,  beats  are  produced  on  an  imperfect 
harmony  other  than  a  unison,  then  the  beats  are  heard,  and  the 
difference  of  pitch  of  the  two  generating  notes  is  also  perceived 
clearly  enough. 

In  view  of  these  difficulties  in  the  way  of  accepting  Helmholtz's 
theory  as  it  stands,  the  writer  ventures  to  put  forward  the 
following  modification  of  that  theory. 

Suppose  the  basilar  membrane  to  be  uncoiled  and  looked  at 
from  above,  as  in  fig.  2,  then  since  it  is  tense  in  its  transverse 
and  not  in  its  longitudinal  direction,  we  may  look  upon  it  as  a 
series  of  minute  strips  of  membrane,  or,  as  Helmholtz  considers, 
of  strings,  running  from  the  tip  of  the  osseous  spiral  lamina  to 
the  ligamentum  spirale.  And  each  of  these  strips  may  have  a 
vibration-frequency  such  that  it  is  set  in  sympathetic  vibration 
by  sound  vibrations  of  exactly  the  same  frequency. 

Suppose  a  note  is  sounded  of  a  frequency  exactly  as  that  of 
the  strip  at  AA  (tig.  2,  p.  335),  then  that  strip  or  fibre  will  vi- 
brate with  a  considerable  amplitude,  and  the  nerve  in  connection 
with  the  hair-cells  at  A  will  be  stimulated.  Now  Helmholtz 
considered  that  this  (or  at  most  two  or  three  fibres)  was  all  the 
portion  of  the  membrane  that  would  vibrate,  and  Eutherford 
made  the  well-founded  objection  that  the  fibre  could  not  vibrate 
alone,  but  would  drag  the  portion  of  the  membrane  on  each  side 
along  with  it.  If  this  were  the  case,  then,  when  a  pure  tone 
was  sounded,  we  should  hear  that  tone  strongly,  and  a  few  higher 
and  lower  in  pitch  along  with  it  more  feebly. 

It  appears  to  the  writer  that  if  the  fibre  at  AA  has  a  vibra- 
tion-frequency exactly  the  same  as  the  note  sounded  then,  it 
will  vibrate  with  a  certain  amplitude.  But  since  the  fibre  at 
BB  is  only  a  very  minute  amount  longer,  and  subject  to  a  ten- 
sion only  a  minute  degree  less  than  AA,  it  also  will  vibrate  in 
sympathy  with  the  note,  though  not  with  quite  so  great  an 
amplitude.    Similarly  the  fibre  at  DD  will  vibrate  in  sympathy 
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with  the  same  note,  but  with  an  amplitude  less  than  BB,  and  so 
OD,  until  at,  say,  EE,  the  amplitude  of  movement  of  the  fibre 
will  be  so  small  as  to  be  negligible. 

In  the  same  way,  if  we  proceed  down  the  basilar  membrane, 
the  fibre  CC,  being  a  minute  amount  shorter,  and  subject  to 
tension  a  minute  amount  greater  than  AA,  will  vibrate  in  sym- 
pathy with  the  note,  but  with  an  amplitude  less  than  AA.  So 
also  the  fibre  at  GG  will  vibrate  in  sympathy  with  the  note,  but 
with  less  amplitude  than  CC,  and  so  on  until  at  FF  the  vibra- 
tions are  so  small  as  to  be  negligible. 

It  must  be  added  that  this  is  not  a  matter  of  conjecture,  but 
is  strictly  in  accord  with  the  laws  of  sympathetic  resonance. 

Suppose  now  that  we  make  a  longitudinal  section  through  the 
basilar  membrane  when  the  same  note  was  being  sounded,  we 
should  find  that,  at  the  end  of  one  phase  of  the  wave,  it  was 


Fig.  3. 

raised  from  its  position  of  rest  and  had  become  bent,  the  bend 
being  of  course  at  the  point  where  the  fibre  AA  was  cut  trans- 
versely, as  in  fig.  3.  At  the  end  of  the  opposite  phase  of  the 
wave  the  bend  would  occur  at  a  point  exactly  opposite. 

The  whole  amplitude  of  the  movement  of  the  fibre  A  would 
therefore  be  represented  by  the  line  AO,  that  of  the  fibre  B  by 
the  line  BK,  and  so  on,  until  at  the  points  E  and  F  the  fibres, 
having  a  vibration-frequency  so  far  removed  from  the  note, 
wQuld  move  to  an  extent  so  small  as  to  be  negligible. 

When  the  fibres  move  as  described,  then  the  hair-cells  attached 
to  their  inner  extremities  would  be  carried  along  with  them ; 
80  that  in  the  movement  upwards  the  hairs  of  the  hair-cells 


'5:U  im   ALBERT  A.   GRAY. 

wonld  be  pressed  against  the  tectorial  membrane,  and  the  pres- 
snre  would  necessarily  be  commmiicated  to  the  nerve-fibre  or 
fibres  terminating  at  the  base  of  the  hair-cells.  Hence  the 
nerve-fibre  at  A  would  receive  the  greatest  pressure,  fliose  at 
B  and  C  would  receive  less  than  that  at  A,  but  more  than  those 
at  D  and  6,  and  so  on. 

Now  the  question  arises,  Why  is  the  listener  conscious  of  only 
one  note  when,  according  to  the  supposition  based  on  perfectly 
correct  acoustical  groimds,  many  nerve-terminations  are  stimu- 
lated ?  That  is  to  say,  why  do  we  not  hear  more  feebly  several 
notes  a  little  lower  in  pitch  than  the  one  sounded,  and  also  some 
a  little  higher  in  pitch  ? 

This  is  a  purely  physiological  question,  and  we  can  get  evidence 
on  the  subject  from  another  sense  very  closely  allied  to  that  of 
hearing.  I  refer  to  the  sense  of  touch.  In  both  these  senses 
the  nerve-terminations  are  stimulated  by  mechanical  pressure, 
whereas  the  other  three  organs  of  special  sense  are  probably 
stimulated  by  chemical  changes.  In  the  foUdVing  pages  it  will 
be  shown  still  further  that  the  sense  of  hearing  is  only  an 
exquisitely  delicate  sense  of  touch ;  but  at  present  the  fact  that 
both  the  sensations  of  hearing  and  of  touch  are  due  to  stimula- 
tion  of  the  nerve-terminations  by  mechanical  pressure,  is  suffi- 
cient to  point  out  in  which  direction  to  look  for  an  analogy. 

If  we  tfike  a  pointed  instrument,  not  so  sharp,  however,  as  to 
pierce  the  skin,  and  press  it  very  gently  against  the  tip  of  the 
finger,  we  are  conscious  of  pressure  at  a  point.    If  we  press  it 
harder  the  sensation. of  a  pressure  at  a  point  remains,  and  we 
may  press  it  so  firmly  as  to  render  the  tissues  anemic  for  an 
area  of  a  centimetre  in  diameter,  but  still  the  sensation  of  pres- 
sure at  a  point  remains.     Now  in  this  case  many  nerve-termina- 
tions have  been  stimulated,  and  that  strongly,  yet  we  are  quite 
unconscious  of  the  fact.     In  other  words,  although  many  nerve- 
terminations  have  been  stimulated,  the  mind  pays  no  attention 
to  these,  but  is  only  conscious  of  stimulation  of  that  fibre  or 
those  fibres  which  have  undergone  a  maximum  degree  of  stimu- 
lation.   This  is  the  important  point  to  be  kept  in  mind,  and 
that  upon  which  the  whole  of  the  writer's  hypothesis  depends ; 
but  it  must  be  explained  that  the  word  maximum  is  used  iti  its 
mathematical  sense;  that  is,  if  immediately  on  each  side  of  a 
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point  of  pressure  there  are  other  parts  which  are  undergoing 
less  pressure,  that  point  is  termed  a  maximum  point,  even 


09 

o 


although  a  little  distance  oif  there  may  be  another  point  under- 
going greater  pressure  still.    This  little  matter  is  not  one  which 
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is  easy  to  describe,  but  mathematicians  express  it  concisely 
by  the  equation — 

ax 

In  fig.  4,  for  example,  there  are  two  maxima,  one  at  A  and  one 
at  B. 

Now,  if  in  the  sense  of  touch  the  mind  only  pays  attention  to 
the  mciximum  point  of  stimulation  of  the  nerve-terminations,  it 
is  highly  probable  that  the  same  occurs  in  the  sense  of  hearing, 


Fjg.  4. 

which,  as  remarked  before,  is  only  a  delicate  form  of  touch. 
This  at  once  explains  why,  when  a  single  tone  is  sounded,  the 
mind  should  only  be  conscious  .of  that  tone  even  although  other 
nerve-terminations  are  being  stimulated. 

Hitherto  we  have  considered  the  movement  of  the  basilar 
membrane  and  the  response  of  the  nervous  apparatus  only  with 
respect  to  one  simple  tone.  The  subject  becomes  more  interest- 
ing when  we  come  to  deal  with  compound  tones,  because  it  is 
here  that  theories  are  put  to  a  more  exact  test. 

To  take  the  simplest  case  first.  Let  us  suppose  two  simple 
tones  at  a  considerable  interval  to  be  sounded,  say  utg  and  ut^, 
then  we  are  at  once  conscious  of  the  co-existence  of  the  two 
notes.  In  this  case  the  movements  of  the  basilar  membrane 
would  be  exactly  the  same  as  those  for  a  simple  tone,  but  there 
would  be  two  maxima  as  in  the  diagram  (fig.  5,  p.  335).  One 
portion  of  the  basilar  membrane  vibrates  in  response  to  the 
note  utg,  and  another  portion  further  towards  the  base  of  the 
cochlea  responds  to  ut^.  There  are  thus  two  nerve-terminations 
stimulated  to  a  maximum,  and  we  hear  the  two  notes  corre- 
sponding to  these  nerve-terminations.  So  also,  if  three  notes 
are  sounded  at  considerable  intervals,  we  get  three  points  of 
maximum  stimulation  and  hear  three  notes  of  corresponding 
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pitch.  So  far  the  case  is  practically  the  same  as  when  only  one 
simple  tone  is  sounded.  It  should  be  observed,  however,  that 
when  two  or  more  pure  tones  at  considerable  intervals  are 
sounded  the  result  is  not  a  mere  noise.  The  sound  may  be 
discordant,  but  it  is  still  clearly  musical. 

The  interest  begins  when  we  have  two  or  more  notes  sounded 
which  are  approximate  in  pitch.  Let  us  take  the  case  of  a 
mistuned  unison  first. 

Suppose  we  take  two  utj  forks  and  mistune  one  of  them  so  as 
to  give  four  beats  per  second  when  both  are  sounded.  Now  the 
difference  in  pitch  between  these  two  notes  is,  as  above  stated, 
easily  recognised  if  they  are  sounded  separately,  but  when 
sounded  together  the  sensation  is  that  of  a  pure  simple  tone 
subject  to  the  interruptions  of  the  silences.  It  has  been  stated 
further  that  this  is  an  objection  to  Helmholtz's  theory  because,  if 
only  two  nerve-fibres  corresponding  to  the  two  tones  were  stimu- 
lated, we  should  be  able  to  note  the  difference  much  more  easily 
when  the  notes  were  sounded  together  than  when  they  were 
sounded  separately.  This  we  know  to  be  true  of  the  sense  of 
sight ;  for  example,  two  shades  of  a  colour  may  be  so  close  that 
we  cannot  tell  the  difference  if  they  are  seen  apart,  but  recog- 
nise it  at  once  if  we  see  them  together. 

If  we  examine  the  movements  of  tlie  basilar  membrane  in 
response  to  the  two  notes  of  a  mistuned  unison  according  to  the 
theory  proposed  in  this  paper,  we  shall  find  that  the  movements 
produced  in  the  membrane  by  one  note  will  interfere  with  those 
produced  by  the  other  note.  For  example,  suppose  we  sound 
two  notes,  one  of  256  v.d.  and  one  of  260  v.d.  per  second,  then 
a  certain  portion  of  the  basilar  membrane  will  be  acted  on  by 
iKth  notes ;  in  fig.  6  all  that  portion  lying  between  the  letters 
H  and  J  will  obviously  be  affected  by  both  notes.  Expressed 
in  another  way,  we  may  say  that  any  point  between  H  and  J 
will  move  with  an  amplitude  equal  to  the  sum  or  difference  of 
the  two  amplitudes  with  which  it  would  move  in  response  to  each 
note  sounded  separately.  Thus  take  any  point  K ;  in  response 
to  the  note  of  256  v.d.  it  would  vibrate  with  an  amplitude 
represented  by  the  line  KP,  and  in  response  to  the  note  of 
260  v.d.  it  would  vibrate  with  an  amplitude  represented  by  the 
line  KO ;  when  both  notes  were  sounded  together,  and  if  at  any 
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given  moment  the  maximum  displacements  of  the  point  were 
both  above  the  position  of  rest,  the  point  would  vibrate  with  an 
amplitude  represented  by  KP+KO.  If  both  displacements 
were  below  the  position  of  rest  the  movement  would  occur  below 
the  line  of  rest,  and  the  amplitude  would  be  represented  by 
—  (KO  +  KP).  If  one  displacement  was  above  and  the  other 
below  the  position  of  rest,  then  the  amplitude  of  movement 
would  be  represented  by  KP— KO,  or  KO-KP,  and  would  be 


256v. 


B   260v. 


Fig.  6. 


above  or  below  the  position  of  rest,  that  is,  would  be  +  or  —  in 
co-ordinate  geometry,  according  as  KP  or  KO  were  the  greater. 

We  can  find  out  the  amplitude  with  which  any  point  between 
H  and  J  will  vibrate  as  follows : — 

First,  suppose  the  intensities  of  the  two  notes  to  be  equal,  as 
in  fig.  6,  so  that  AE  =  BN.  Since  the  notes  are  so  close  in 
pitch  we  may  assume  that  the  portions  of  the  basilar  membrane 
raised  by  each  note  separately  would  be  equal,  i.e.  G J  =  HX. 

The  amplitude  of  movement  of  the  point  K  is  represented  by 
KO  +  KP.  Let  D  be  the  point  at  which  the  two  sides  A  J  and 
BH  of  the  two  equal  triangles  AGJ  and  BHX  intersect ;  from 
D  draw  DF  parallel  to  KS.  The  triangles  OFD  and  PDF  are 
equal  in  every  respect. 

.-.  OF  =  PF.     Draw  OM  parallel  to  KS. 

KO  =  SMandFO  =  DM. 

.-.  KO  =  DS~FO. 
Similarly  KP  =  DS + FP  =  DS + FO. 
.-.  KP+K0  =  2DS. 
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Now  wherever  K  be  taken  between  K  and  N,  FP  =  FO,  there- 
fore the  amplitude  at  K  is  always  equal  to  2  DS  so  long  as 
DS  >  J  AR.  But  2  DS  is  the  amplitude  of  the  movement  at  S, 
and  S  is  a  point  midway  between  R  and  N,  the  points  of  the 
maximum  amplitudes  of  the  movements  of  the  membrane  caused 
by  two  notes  separately.  Therefore  the  maximum  movements 
of  all  the  points  between  R  and  N  are  equal,  and  when  the 
phases  of  the  two  notes  are  in  perfect  agreement  there  will  be 
no  maximum  poi^U  of  movement,  but  a  very  small  section  of  the 
basilar  membrane  will  undergo  maximum  movement.  Or,  if  y 
be  the  ordinate  and  x  the  abscissa  of  any  point  of  the  membrane 
between  R  and  N,  when  it  is  displaced  as  described,  then — 

?  =  o. 

dx 

This,  I  think,  is  the  reason  why  we  cannot  analyse  the  two 
notes  of  the  mistuned  unison  when  they  are  within  close  beating 
distance  and  sounded  together,  although  we  can  distinguish 
them  if  soimded  separately.  In  the  first  case  the  maximum 
pressure  is  never  constantly  at  one  point,  but  oscillates  between 
R  and  N.  In  the  second  case,  of  course,  the  point  of  maximum 
pressure  is  constantly  at  R  or  N  according  to  the  note  sounded. 

The  case  discussed  is  that  in  which  the  intensities  of  the  two 
notes  are  equal,  and  where  the  point  midway  between  their  two 
points  of  maximum  amplitude  vibrates  with  an  amplitude  of  at 
least  one-half  the  amplitude  of  movement  of  either  of  the 
maximum  points  produced  by  either  note  singly ;  or,  as  in  the 
figure,  DS  >  or  i  AR  or  BN.  Changes  in  the  coefficient  of  elas- 
ticity have  been  neglected,  as  the  introduction  of  this  factor 
would  only  complicate  the  matter,  and  it  does  not  aflFect  the 
principle  of  the  theory. 

When  the  intensities  are  not  the  same  and  the  intervals  as 
before,  then  the  condition  of  affairs  is  slightly  different  from 
that  described. 

Let  R  and  N,  fig.  7,  be  the  two  points  of  maximum  amplitude 
of  movement  of  the  membrane  when  the  two  notes  act  sepa- 
rately, and  let  S  be  the  point  of  the  membrane  upon  which  they 
both  act  equally,  and  let  SD  =  a  be  the  amplitude  with  which 
the  points  would  vibrate  in  response  to  either  note  singly,  so 
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that  under  the  influence  of  both  notes  together  it  would  vibrate 
with  an  amplitude  of  2  a.  Let  Q  be  the  angle  formed  by  the 
line  of  rest  and  the  position  of  the  basilar  membrane  when  at 
its  greatest  displacement  in  response  to  one  note,  and  let  d|  be 
the  angle  formed  by  the  line  of  rest  and  the  basilar  membrane 
at  its  greatest  displacement  in  response  to  the  other  note,    kt 


RS  =  6,  and  take  any  point  K  between  R  and  S  and  let  EK=a;. 
Draw  EDF  parallel  to  EN  and  draw  PK  perpendicular  to  EN, 
intersecting  HB  at  0  and  EDF  at  F.  Then  in  response  to  both 
notes  the  point  K  will  vibrate  with  an  amplitude  represented 
by: 

KO+KP=DS+FP+DS-OF.     =2DS  +  FP-0F.     OF  =  FD 
tan  e^  and  FP  =  FD  tan  0,  and  FD  =  KS  =  J-a;  and  DS=a, 
.-.  K0  +  KP=2a+(&-a;)  (tan  0-tan  e^\ 
Let  y  =  KO  +  KP,  then  :— 

-^  =  tan  0,  —  tan  Q, 
ax 

It  is  evident  from  inspection  that  the  point  of  maximum 
amplitude  of  movement  is  E,  and  the  point  of  maximum  pressure 
on  the  nerve-termination  is  therefore  at  E.  But  the  pressure  at 
E  relative  to  the  pressure  at  the  other  points  is  not  the  same  as 
when  a  single  note  is  sounded ;  the  relative  pressure  will  vary 
evidently  according  to  the  relative  intensity  of  the  two  notes. 
In  fig.  7  there  is  rapid  increase  in  the  movement  and  therefore 
of  the  corresponding  pressure  from  G  up  to  A,  then  a  slow 
decrease  from  A  to  B,  followed  by  a  rapid  decrease  from  B  to  T. 

The  description  just  given  according  to  the  writer  s  suggestion 
lias  been  applied  only  to  the  movement  of  the  basilar  membrane 
upwards ;  the  movement  downwards  is,  of  course,  just  a  reverse 
copy  of  that  upwards. 
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Hitherto  we  have  considered  a  mistuned  unison  where  there 
has  been  either  no  point  of  maximum  amplitude  or  one  in 
which  the  slope  from  the  maximum  amplitude  was  very  slight 
on  one  side ;  or,  using  the  notation  of  the  differential  calculus : 

Jf  =  0,  or  a  relatively  small  differential.     Further,  the  section 

of  the  membrane  undergoing  this  vibration  is  very  small,  so 
small  indeed  as  closely  to  approximate  to  a  point,  and  we  there- 
fore hear  a  pure  musical  tone,  interrupted  of  course  by  the 
silences ;  but  we  do  not  hear  two  musical  tones,  because  there 
are  not  two  points  of  maximum  amplitude. 

We  now  proceed  to  consider  the  condition  of  matters  which 
will  occur  when  the  two  notes  become  separated  by  a  greater 
interval.  First  let  us  suppose  the  intensities  equal.  In  this 
case  the  points  of  maximum  movement  of  the  two  notes  sepa- 
rately will  be  wider  apart,  but  as  long  as  DS  (fig.  6)  is  greater 
than  i  AR  or  BN  there  will  still  be  no  point  of  maximum  ampli- 
tude, but  a  section  of  the  Tnernbrane  undergoing  a  movement  of 
maximum  amplitude.  Further,  it  is  clear  that  as  this  section  of 
the  membrane  becomes  greater  the  amplitude  of  its  movement 
becomes  less.  Now  this  quite  agrees  with  what  we  find  from 
experiment,  for  in  a  mistuned  unison  the  fewer  the  beats  the 
louder  do  they  become.  The  fact,  however,  may  perhaps  be 
explained  by  physical  causes  acting  in  the  air. 

As  the  notes  become  still  more  widely  separated,  DS  becomes 
less  than  J  AR  (or  BN),  as  in  fig.  8  (p.  345),  and  now  there  are 
two  points  of  maximum  amplitude,  and  we  now  begin  to  be  able 
to  analyse  the  sound  into  its  two  constituents.  It  is  probable, 
however,  that  even  for  some  interval  after  two  points  of  maxi- 
mum altitude  appear,  we  are  still  unable  to  analyse  the 
compound  tone  into  its  constituents,  because  the  dip  between 
the  two  points  is  still  inconsiderable,  and  the  difference  in 
pressure  upon  the  nerve-terminations  correspondingly  slight. 

Before  proceeding  further  we  may  again  compare  the  two 
senses  of  hearing  and  touch.  When  a  single  pure  tone  was 
sounded  we  saw  that  it  had  its  analogy  in  touch  when  there  was 
contact  at  a  single  point  on  the  skin.  Have  we,  then,  an  analogy 
in  the  sense  of  touch  corresponding  to  the  sensation  experienced 
by  the  ear  when  two  notes  at  a  very  slight  interval  are  sounded  ? 
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There  is  no  doubt  that  we  have,  for  it  is  well  knowu  that  if  the 
skin  is  stimulated  at  two  points  close  together  we  are  not  able 
to  distinguish  them  {Physiology  of  the  SenseSy  M'Kendrick  and 
Snodgrass,  p.  54).  Thus  at  the  tip  of  the  finger  the  minimum 
distance  at  which  two  points  can  be  perceived  as  such  is  2-3 
mm.  In  other  words,  the  mind  is  not  able  to  analyse  the  varia- 
tion in  pressure,  which  is  in  complete  agreement  with  what  we 
find  in  the  case  of  listening  to  a  mistuned  unison.  But  the 
similarity  between  the  two  senses  is  even  closer,  for  from  ex- 
periment the  writer  has  found  that  the  skin  of  the  finger-tip 
perceives  a  change  in  the  locality  of  the  stimulation  at  a  dis- 
tance far  less  than  2-3  mm.  If  a  point  of  a  needle  be  pressed 
gently  agaiust  the  finger-tip,  and  then  be  moved  and  made  to 
press  against  another  point  of  the  skin  at  about  a  distance  of 
1  mm.,  or  even  less,  we  are  quite  conscious  of  a  change  in  the 
locality  of  the  pressure.  So  that  here  also  we  have  an  analogy 
with  the  sense  of  hearing  when  we  find  that  though  the  ear  is 
not  able  to  analyse  a  note  composed  of  two  simple  tones  if  the 
interval  is  very  small,  yet  it  can  recognise  a  change  in  the 
locality  of  maximum  pressure  if  the  two  simple  tones  of  the 
compound  one  be  sounded  separately. 

So  far,  therefore,  we  have  a  complete  analogy  at  all  points 
between  the  sense  of  hearing  and  that  of  touch. 

Now,  as  the  two  points  of  maximum  amplitude  of  movement 
of  the  basilar  membrane  become  further  apart  it  is  evident,  from 
inspection  of  fig.  8  (p.  345),  without  showing  mathematically,  that 
the  dip,  so  to  speak,  between  the  two  maximum  points  becomes 
more  and  more  pronounced,  until  ultimately  the  portion  of  the 
membrane  vibrating  in  response  to  one  note  will  not  interfere  at 
all  with  the  portion  vibrating  in  response  to  the  other  note. 
Of  course  the  distance  between  two  maximum  points  at  which 
this  may  occur  must  be  unknown,  and  may  vary  according  to 
the  pitch,  though,  for  reasons  which  will  be  shown  later,  there  is 
good  reason  to  believe  that  at  an  interval  of  an  octave  the 
vibrating  portions  of  the  membrane  are  still  interfering  with 
one  another. 

When  three  or  more  notes  are  sounded  at  sufficiently  distant 
intervals,  so  that  their  corresponding  points  of  maximum  move- 
ment in  the  basils^r  membrane  are  sufficiently  far  apart  as  not  to 
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interfere  too  much  with  one  another,  then  we  are  able  to  analyse 
the  compound  note  into  its  three  constituents,  and  so  on  for  a 
larger  number  of  notes.  In  these  cases,  of  course,  we  have  the 
analogy  in  the  sense  of  touch  that  when  two  or  more  points  of 
the  skin  suflBciently  far  apart  are  touched  we  are  conscious  of 
contact  at  two  or  more  points. 

The  most  interesting  case  is  that  in  which  several  notes 
are  sounded  so  near  that  there  are  no  maximum  points,  or,  at 
least,  none  sufficiently  pronounced  to  be  perceived  as  such, 
and  yet  sufficiently  far  apart  that  a  considerable  section  of  the 


Fio.  9. 

niembrane  vibrates  with  approximately  equal  amplitudes  in  all 
its  parts.  Such  a  case  is  shown  in  fig.  9,  which  represents  the 
movements  of  the  membrane  in  response  to  a  compound  tone 
produced  by  four  notes  of  equal  intensity  at  such  intervals. 

AB  is  the  position  of  rest  of  the  membrane  (in  this  fig.  the 
displacement  both  above  and  below  the  line  of  rest  is  repre- 
sented). 

Fig.  10  represents  the  resultant  maximum  movement  when 
the  phases  are  all  in  complete  agreement ;  all  the  points  in  that 
portion  of  the  membrane  between  A  and  B  would  vibrate  with 


B 


Fio.  10. 


the  same  maximum  amplitude.  When  the  phases  were  not  in 
agreement  there  would  be  a  maximum  point,  but  it  would  never 
for  an  instant  remain  constant  in  position  but  would  osciUate 
between  A  and  B,  and,  further,  would  never  have  as  great  an 
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amplitude  of  movement  as  that  of  the  portion  AB  as  a  whole. 
The  pressure  upon  the  nerve  ending  in  this  case,  as  in  the 
others,  varies,  of  course,  as  the  amplitude  of  the  movement  of 
the  basilar  membrane.  Therefore,  the  maximum  pressure  would 
not  be  at  a  point,  but  along  a  line ;  that  is,  all  the  nerve-fibres, 
in  connection  with  the  hair-cells  between  A  and  B  would  be 
stimulated  to  the  same  extent.  It  corresponds,  therefore,  with 
pressure  along  a  line  in  the  sense  of  touch ;  in  other  words, 
with  a  sharp  edge  applied  to  the  skin. 

I  believe  that  in  this  case  the  sensation  we  experience  in  the 
case  of  hearing  is  that  of  a  noise.  Nor  is  this  entirely  a  matter 
of  conjecture.  In  the  experiment  described  at  the  beginning  of 
this  paper  I  described  how,  when  the  four  tuning-forks  (two  ut^, 
sig,  and  sigb)  were  mistuned  so  as  to  interfere  with  each  other 
and  produce  rapid  beats,  and  when  they  were  bowed  with  the 
requisite  intensities,  the  musical  element  in  the  sound  was  very 
small  and  the  noisy  element  prominent.  On  the  other  hand, 
when  four  forks,  each  an  octave  above  the  preceding  one,  were 
weighted  so  as  to  produce  rapid  beats,  the  musical  element  pre- 
dominated. Even  in  this  case  the  slight  element  of  noise  is 
probably  explained  by  the  fact  that  the  upper  partials  of  the 
lower  pitch-forks  would  have  a  vibrating-frequency  closely  ap- 
proximating those  of  the  highly-pitched  forks.  These  experi- 
ments are,  bf  course,  rough,  because  of  the  difficulty  of  getting 
the  suitable  intervals  and  intensities.  I  am  at  present  con- 
structing a  large  series  of  pipes  covering  about  an  octave,  and 
by  this  means  I  hope  to  investigate  the  causation  of  noise  with 
more  accuracy.  The  experiments,  however,  go  to  show  that  the 
sensation  of  noise  is  produced  when  a  series  of  notes  at  no  great 
intervals  are  sounded  together  with  approximately  equal  inten- 
sities. Of  course,  if  one  or  more  notes  predominate,  then  a 
more  musical  element  appears,  and  this  is  fully  explained  by 
the  theory  proposed,  because  such  a  predominance  of  one  note 
will  call  forth  a  corresponding  increase  in  the  amplitude  of 
movement  at  a  point  in  the  basilar  membrane. 

On  similar  grounds  it  would  appear  that  what  is  termed  a 
discord  in  music,  is  produced  in  a  similar  way  to  a  noise.  In 
this  case  either  the  interval  between  the  two  notes  themselves, 
or  between  some  of  their  partials,  is  too  small  to  allow  of  well- 
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pronounced  points  of  maximum  amplitude  of  movement  of  the 
membrane,  or  too  large  to  cause  merely  an  increase  and  diminu- 


ao 
6 


tion  in  the  intensity  of  the  musical  sound,  such  as  is  produced 
by  two  notes  within  close  beating  distance.     A  discord,  accord- 
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ing  to  this  view,  is  a  musical  sound  on  its  way  to  become  a 
noise,  and  I  think  our  sensations  would  bear  out  the  statemeut 
above  arrived  at  on  theoretical  grounds. 

In  relation  to  noise,  it  is  very  interesting  to  note  that  we  are 
now  in  a  position  to  see  clearly  why,  although  we  cannot  fix  the 
exact  pitch  of  a  noise,  we  are  yet  quite  conscious  that  noises 
have  pitch  relative  to  one  another.  Thus,  if  a  small  portion  of 
the  basilar  membrane  in  the  lower  whorl  of  the  cochlea  were 
undergoing  movement,  such  as  that  represented  in  fig.  10,  we 
should  not  be  able  to  give  its  exact  pitch,  because  there  is  no 
point  of  maximum  amplitude,  but  we  would  be  conscious  of  the 
fact  that  it  was  of  relative  high  pitch,  because  the  nerve-termi- 
nations stimulated  are  in  the  part  of  the  cochlea  which  responds 
to  tones  of  high  pitch ;  and  so  on  for  similar  movements  in  other 
parts  of  the  basilar  membrane. 

It  has  been  shown  in  the  preceding  pages  how  close  is  the 
analogy  between  the  sense  of  hearing  and  that  of  touch,  accord- 
ing to  the  theory  I  have  put  forward.  A  point  of  contact  iii  the 
skin  corresponds  to  a  simple  musical  tone.  Two  points  of  con- 
tact so  close  as  to  be  indistinguishable  from  one  point  when 
both  occur  simultaneously,  has  its  analogy  in  the  ear  in  the  case 
of  a  mistuned  unison  giving  slow  beats.  And  tl\p  fact  that  we 
can  estimate  change  of  locality  over  a  distance  in  the  skin 
smaller  than  the  distance  at  which  we  can  perceive  two  points, 
as  such,  simultaneously  estimated,  corresponds  with  the  fact  that 
we  can  tell  the  difference  in  pitch  between  two  notes  sounded 
separately,  even  though  they  be  so  close  that  we  cannot  analyse 
the  compound  tone  which  they  produce  when  sounded  together. 
And  further,  we  have  seen  that  a  noise  has  its  analogy  in  the 
sense  of  touch  in  the  case  of  contact  along  a  line  or  an  edge. 

There  remains  the  question,  what  sensation  have  we  in  the 
case  of  the  ear  corresponding  to  contact  of  the  skin  over  a  su^ 
face  ?  The  answer  of  course  is,  that  we  have  no  such  analogy 
in  the  case  of  hearing ;  and  this  for  a  very  good  reason.  In 
the  skin  the  nerves  terminate  over  a  surface;  in  the  organ 
of  Corti  the  nerve  terminates  along  a  line.  We  could  not, 
therefore,  have  an  analogy  in  the  sense  of  hearing  corresponding 
to  the  sensation  of  contact  over  a  surface  in  the  case  of  touch. 
This  apparent  exception,  therefore,  may  be  said  to  support  the 
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close  analogy  between  touch  and  hearing,  as  explained  in  the 
preceding  pages. 

There  remains  now  only  the  consideration,  how  does  the 
theory  agree  with  the  fact  shown  by  Lord  Kelvin,  that  under 
certain  circumstances  the  ear  is  able  to  appreciate  change  of 
phase  ?    Helmholtz's  theory  does  not  explain  this. 

Taking  first  the  case  of  a  niistuned  unison  giving  slow  beats 
(fig.  6).  Since  the  maximum  points  are  close  together,  it  is 
evident  that  changes  of  phase  will  merely  cause  an  increase  or 
diminution  in  the  intensity  of  the  sound,  because  the  portions 
of  the  basilar  membrane  acted  on  by  the  two  notes  are  almost 
identical. 

When,  however,  the  interval  becomes  greater,  the  basilar 
membrane  begins  to  be  acted  on  in  a  more  irregular  manner. 
Thus,  in  fig.  8  the  membrane  is  raised  from  G  to  A,  then  it 
slopes  down  with  the  same  inclination  from  A  to  H^ ;  now  at 
this  point  a  change  in  the  sharpness  of  the  inclination  will 
occur.  For,  if  the  displacements  of  the  membrane  produced  by 
the  two  notes  are  in  the  same  direction,  then  the  inclination 
will  become  less  sharp,  as,  for  example,  from  H^  to  Z.  If  the  dis- 
placements are  in  the  opposite  direction,  the  inclination  will 
become  more  abrupt,  as  from  H^  to  Z^. 

Now,  if  the  cycle  is  completed  very  rapidly,  as  in  a  perfect 
harmony,  e,g,  an  octave,  these  changes  will  be  so  rapid  that  we 
cannot  perceive  them,  but  if  the  cycle  is  changed  slowly,  then 
a  given  displacement  of  the  membrane  will  only  recur  at  rela- 
tively long  intervals,  and  the  mind  is  able  to  appreciate  the 
variations  in  pressure  upon  the  nerve-terminations.  This  occurs 
when  the  harmony  is  imperfect.  We  see  here,  therefore,  the 
explanation  why  the  ear  appreciates  change  of  phase  only  on 
imperfect  harmonies  other  than  unison. 

Lord  Kelvin  further  noticed  the  fact  that  these  changes  of 
phase  were  much  more  pronounced  in  the  case  of  mistuned  mul- 
tiple harmonies  than  mistuned  binaries,  except  the  binary 
octave.  Now,  according  to  the  theory  proposed,  it  is  clear  that 
if  we  used  three  notes,  each  of  which  acted  in  part  upon  the 
same  portion  of  the  basilar  membrane,  the  movements  would 
be  still  more  pronounced,  and  the  pressure  variations  on  the 
nerve-terminations  would  be  more  marked. 
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Thus  in  fig.  11  the  portion  of  the  membrane  between  K  andG 
would  be  subject  to  very  great  variations  in  the  extent  of  its 
movements,  and  its  inclination  to  the  line  of  rest  and  the  nerve- 
terminations  would  be  subjected  to  very  pronounced  variations 
in  pressure.  As  in  the  case  of  a  binary  harmony,  it  is  essential 
that  the  cycle  should  change  slowly. 

As  the  intervals  become  greater  than  an  octave,  the  ear 
gradually  becomes  less  able  to  perceive  difference  of  phase. 
Thus  if  the  harmony  1 : 3  be  mistuned,  the  change  of  phase 
during  the  cycle  is  by  no  means  so  easily  perceived  by  the  ear 
(Lord  Kelvin,  loc.  cit.)y  and  as  we  pass  to  greater  intervals,  still 
the  ear  no  longer  perceives  a  difference  in  the  character  of  the 
sound  produced  by  differences  of  phase.  It  is  the  fact  that  the  ear 
can  perceive  these  differences  at  intervals  of  an  octave,  and  even 
a  little  more,  that  leads  the  writer  to  the  conjecture  that  the 
portion  of  the  basilar  membrane  which  responds  sensibly  to  a 
single  note,  covers  at  least  an  octave.  That  is  to  say,  if  a 
certain  note  produces  a  maximum  movement  of  the  basilar 
membrane  at  a  certain  point,  then  the  membrane  is  vibrating 
sensibly,  though,  of  course,  with  much  less  amplitude,  at  a  point 
which  would  be  the  maximum  amplitude  of  movement  called 
forth  by  the  octave  of  the  note  referred  to.  This  is,  however,  as 
remarked  above,  a  matter  of  conjecture. 

In  the  preceding  pages  it  has  been  shown  how  the  basilar 
membrane  may  analyse  compound  tones  into  their  constituent 
simple  tones,  and  how  under  many  circumstances,  such  as  noises 
and  mistuned  unisons,  this  analysis  does  not  occur,  or  at  least  very 
imperfectly.  It  now  remains  to  find  out  by  what  means  these 
variations  in  the  amplitude  of  the  movements  of  the  basilar  mem- 
brane are  transformed  into  nervous  impulses.  The  mechanism  by 
which  this  is  done  appears  to  be  simple  and  singularly  beautiful. 

Since  the  hair-cells  follow  every  movement  of  the  basilar 
membrane,  then,  in  their  upward  displacement,  the  hairs,  and 
even  to  some  extent  the  cells  themselves,  will  be  pressed  against 
the  tectorial  membrane  which,  in  the  living  condition,  lies  like  a 
pad  over  them.  In  fig.  1  this  is  not  sliown,  because  the  section 
was  prepared  by  the  celloidin  method  which  necessitated  dehy- 
dration, but  in  sections  cut  in  gum  or  by  other  methods  with- 
out dehydration,  the  fact  is  very  clearly  seen. 
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When,  therefore,  the  hair-cells  are  raised  against  the  tectorial 
membrane,  the  latter  will  resist  their  upward  progress  and  press 
them  down  against  the  nerve-terminations  at  their  bases. 
Further,  the  greater  the  amplitude  of  movement  of  the  basilar 
membrane,  the  greater  will  be  the  pressure  of  the  ^airs  and 
hair-cells  against  the  tectorial  membrane,  and  the  greater  will  be 
the  stimulation  of  the  nerve-fibre  at  the  base  of  the  hair-cell. 
When,  therefore,  a  pure  tone  calls  forth  a  movement  of  the 
basilar  "membrane  as  in  fig.  3,  a  consielerable  number  of  nerve- 
fibres  will  be  stimulated,  but  the  intensity  of  the  stimulation 
will  be  greatest  in  that  nerve-termination  which  lies  at  the  base 
of  the  hair-cell  opposite  the  point  of  maximum  movement  of 
the  basilar  membrane.  In  the  same  way  the  movements  of  the 
membrane  called  forth  by  compound  tones  and  noises  are  trans- 
ferred into  pressures  upon  the  nerve-terminations.  Now  no 
more  perfect  means  could  be  devised  for  this  purpose  than  the 
tectorial  membrane.  It  is  not  attached  to  the  vibrating  portion 
of  the  cochlea,  and  it  lies  over  the  hairs  like  a  pad,  so  that 
the  more  they  are  projected  upwards  against  it,  the  more 
firmly  does  it  press  the  hair-cell  down  against  the  nerve- 
termination. 

By  this  means,  therefore,  the  variations  in  amplitude  of  move- 
ment of  the  basilar  membrane  become  transformed  into  exactly 
corresponding  variations  of  pressure  upon  the  nerve-terminations. 
These  variations  of  pressure  are  then  sent  to  the  brain,  and  there 
analysed  in  exactly  the  same  way  as  the  pressure  variations  in 
the  sense  of  touch  are  analysed.  In  fact,  the  auditory  nerve  may 
be  looked  upon  purely  as  a  nerve  of  touch,  but  vastly  more 
delicate  than  any  of  the  other  nerves  of  touch.  This  is  to  be 
expected,  for  the  supply  of  nerve-fibres  to  the  organ  of  Corti 
is  far  richer  than  to  any  part  of  the  skin  of  corresponding 
dimensions. 

This  theory  of  maximum  amplitudes,  as  it  may  be  termed, 
appears  to  account  for  the  known  facts  concerning  the  sense  of 
hearing  as  completely  as  the  theory  of  Helmholtz,  of  which 
it  is  a  modification ;  and  the  objections  urged  against  the 
latter  theory  cannot  be  urged  against  it.  Thus  many  will  not 
admit  that  each  fibre  of  the  basilar  membrane  or  each  arch  of 
Corti  can  move  independently  of    those  adjacent  to  it,  which 
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Helmholtz's  theory  requires.     This  objection  cannot  be  urged 
against  the  theory  proposed  in  this  paper. 

Again,  Helmholtz's  theory  does  not  explain  the  existence  of 
noise,  unless  the  latter  be  regarded  as  purely  psychological; 
and  even  if  that  were  admitted  it  does  not  explain  why  we 
cannot,  under  any  circumstances,  analyse  a  noise  into  its  con- 
stituent simple  tones.  The  theory  proposed  in  this  paper  is 
exactly  the  reverse  in  this  respect,  for  supposing  it  to  be  correct, 
then  a  sound  is  a  noise  when  we  cannot  analyse  it  into  its  simple 
constituents  ;  and  if  we  are  able  to  analyse,  whether  entirely  or 
only  partially,  then  a  musical  element  appears. 

In  this  theory  of  hearing  we  have  seen  a  remarkable  analogy 
between  that  sense  and  the  sense  of  touch. 

The  pathological  facts  concerning  the  loss  of  high  tones  with 
disease  of  the  lower  whorl  of  the  cochlea  is  equally  explicable 
by  either  this  theory  or  that  of  Helmholtz. 


ON  THE  CAUSES  OF  THE  SHAPE  OF  NON-NUCLEATED 
RED  BLOOD  CORPUSCLES.  By  W.  Myers,  M.A., 
M.B.,  B.Sc,  John  Lucas  Walker  Sticdent  in  the  University 
of  Cambridge. 

The  peculiar  biconcave  shape  of  non-nucleated  erythrocytes 
is  of  very  wide  distribution,  since  it  is,  generally  speaking, 
characteristic  for  mammalia.  It  is  the  object  of  this  paper 
to  give  a  physical  explanation  of  this  striking  phenomenon. 

For  the  function  of  the  red  corpuscles  as  carriers  of  oxygen, 
the  biconcave  disc  is  a  very  advantageous  form,  for  in  a  disc 
with  concave  sides  the  relation  of  surface  to  volume  is  greater 
than  in  a  flat  disc. 


If,  for  example,  A,  B,  C,  D  and  A',  B',  C,  D'  represent  median  sec- 
tions of  two  such  discs,  with  equal  diameters,  since  A',  B'  is  longer 
than  A,  B,  and  since  the  dumb-bell  shaped  area  A',  B',  C,  D'  is 
less  than  the  rectangular  area  of  the  left  hand  figure,  it  is 
evident  that  the  biconcave  disc  has  a  considerable  adaptation 
to  rapid  diffusion. 

We  may  notice  a  further  advantage  by  the  following  con- 
siderations : — Let  us  take  a  point  y  in  the  centre  of  the  upper 
knob  of  the  figure  A',  B',  C,  D'.  It  is  obvious  that  y  is  at  a 
distance  of  y  A'  from  the  periphery  in  most  directions.  Only 
in  a  small  segment  does  the  thin  middle  part  of  the  disc  make 
y  at  a  greater  distance.  In  other  words,  y  is  at  the  centre  of 
a  circle,  which  is  incomplete  for  a  small  fraction  of  its  periphery. 
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If,  however,  we  take  a  similar  point  X  in  the  flat  disc,  in  only 
three  directions  is  it  as  near  the  periphery  as  y  in  the  other 
figure ;  namely,  in  Xa,  Xj8,  and  Xy.  In  all  other  directions  it 
is  further  from  the  periphery. 

The  opinions  which  are  held  on  the  structure  of  these  cor- 
puscles are  so  various  that  it  is  almost  impossible  to  take 
any  view  without  being  opposed  to  some  physiologist  of  high 
standing.  This  is  mainly  due  to  the  difficulties  of  interpreta- 
tion of  microscopic  observations.  The  question,  for  example,  of 
the  presence  of  an  enveloping  membrane  has  been  widely  dis- 
cussed, and  from  purely  microscopic  evidence  must  be  regarded 
even  now  as  undecided.  Largely  owing,  however,  to  the  work 
of  Hamburger  on  the  isotonic  point  of  the  corpuscles,  the  opinion 
that  there  is  a  membrane  has  gained  ground ;  and  it  may  be 
mentioned  that  authors  who  deny  its  existence,  such  as  Hayem, 
yet  admit  that  the  centre  of  the  corpuscle  is  more  fluid  than 
the  periphery.  In  this  paper  the  presence  of  a  membrane  will 
be  assumed.  The  argument  for  it  has  been  simply  and  strongly 
put  by  Ehrlich,  whose  words  may  here  be  quoted.  He  says  ^ : 
"Beginnenwir  ....  mit  der  Frage,  warum  sich  die  rothen  Blut- 
korperchen  im  Blutserum  nicht  auflosen,  so  leuchtet  ohne  Weiteres 
ein,  dass  dies  nur  dadurch  geschehen  kann,  dass  das  Haemoglobin 
der  Blutscheibe,  das  ja  im  Serum  leicht  loslich  ist,  von  diesem 
durch  ein  diffusions-verhindernde  Membran  getrennt  sei." 

With  regard  to  the  structure  of  the  protoplasm  of  the  cor- 
puscle there  is  more  uniformity  of  opinion,  and  the  view  is  now 
generally  held  that  no  structure  can  be  observed  in  the  normal 
corpuscle.  Further,  biconcave  non-nucleated  discs  are  charac- 
teristic for  mammalia  in  corpore,  and  are  not  merely  artefacts. 

In  considering  the  shape  of  the  non-nucleated  discs  it  must 
be  borne  in  mind  that  they  are  biconcave  not  only  in  normal 
conditions,  but  that  the  poikilocytes  of  various  forms  of  amemia, 
and  the  poikilocytes  which  can  be  produced  by  carefully  heating 
healthy  blood,  are  also  biconcave.  Any  attempt  to  account  for 
the  biconcavity  of  the  erythrocytes  must  explain  that  of  the 
poikilocytes  also. 

The  following  hypotheses  have  been  put  forward  to  explain 
the  biconcavity  of  the  red  blood  corpuscle : — 

^  ChariU  Annal&n,  Bd.  x. 
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1.  Mechanical. — That  the  concavity  is  caused  by  p^ie  disc 
coming  in  contact  with  another,  an4  with  the  vessel  walls  as 
the  blood  circulates,  so  that  portions  are  worn  ^way  froqi  an 
originally  flat  disc.  This  hypothesis  is  unsatisfactory,  inasmiich 
as  the  circumference  of  the  disc  is  more  expo6e4  to  friction, 
while  the  centre  is  supposed  to  be  worn  down.  This  difficulty 
inay  of  course  be  overcome  by  assuming  that  t)ie  discs  are  com- 
posed of  parts  of  greater  and  less  resistance,  the  centra  being  less 
resistant.  There  is,  however,  no  histological  evidence  of  apy 
such  difference. 

2.  Morphologicai.  —  That  the  protoplasm  of  the  corpuscle 
possesses  in  itself  the  power  of  assuming  a  biconcave  form. 
Clearly  this  is  more  a  restatement  of  the  facts  than  an  explana- 
tion, and  is  open  to  the  further  objection,  that»  as  a  general  rule, 
protoplasm  alone  has  not  morphological  properties.  Verworn 
has  shown  for  low  forms  of  life  that  the  nucleus  exercises  a 
morphological  influence  over  the  rest  of  the  cell,  and  that  when 
a  portion  is  cut  off  from  the  nucleus,  it  may,  in  a  limited  sense, 
live  for  a  time,  but  is  now  deprived  of  morphological  properties. 
Admitting  that  the  red  non-nucleated  discs  can  retain  the  forn^ 
imparted  to  them  by  their  nucleated  parent  cell,  the  biconcave 
poikilocytes,  one  generation  removed  from  the  nucleated  cell 
can  hardly  be  supposed  to  have  morphological  endowment 
therefrom.  And  we  should  still  less  expect  that  the  highly 
differentiated  protoplasm  of  the  nucleated  red  corpuscle  8houl4 
have  morphological  properties  which  the  *  generalised '  proto- 
plasm of  simple  unicellular  organisms  does  not  possess.  Sup* 
posing,  then,  that  this  hypothesis  were  true,  inasmuch  as  it 
would  constitute  an  exception  to  a  general  biological  law,  it 
would  itself  require  a  special  explanation. 

3.  TeleologicaL  —  A  biconcave  corpuscle  has  the  advantage 
over  a  disc  with  plane  sides  of  the  same  volume,  that  it  affords 
an  increased  surface  for  oxygen  diffusion.  Though  we  can 
thereby  understand  why  so  many  animals  possess  corpuscles 
of  this  shape,  a  teleological  explanation  brings  us  no  clearer 
perception  of  the  processes  by  which  this  shape  is  attained. 

No  one  of  these  theories  is  satisfactory,  and  it  seems  natural 
to  seek  the  causes  erf  the  biconcave  shape  in  the  structure  of 
the  corpuscle  and  its  surrounding  conditions. 
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When  the  cx)rpu8cles  are  placed  in  hypotonic  sodium  chloride 
solutions  they  lose  their  haemoglobin,  and  the  serum  or  plasma 
becomes  laked.  On  putting  a  drop  of  blood  into  slightly 
hypertonic  salt  solution  on  a  microscopic  slide  under  a  cover- 
glass,  by  allowing  a  drop  of  distilled  water  to  touch  the  edge  of 
the  cover-glass,  the  microscopic  appearances  of  haemolysis  can  be 
observed.  The  first  change  that  can  be  noticed  in  a  corpuscle 
is  an  increase  in  size,  generally  uniform,  so  that  the  face  of  the 
corpuscle  remains  circular.  Soon  after  this  swelling  has  begun 
the  biconcavity  becomes  less  distinct.  The  two  changes  proceed 
until  finally  a  round  disc  is  produced,  in  which  no  biconcavity 
can  be  observed.  This  disc  then  loses  distinctness,  and  gradually 
passes  to  the  '  shadow,'  which  can  only  be  seen  with  difficulty. 
The  loss  of  distinctness  proceeds  more  slowly  than  the  swelling 
and  loss  of  the  i)iconcavity.^ 

The  rate  of  these  changes  varies  with  the  proportion  of  water 
that  is  added.  If  this  be  large,  the  corpuscles  are  so  rapidly 
hsemolysed  that  it  is  impossible  to  watch  the  process ;  and  it  is 
only  when  the  fluid  surrounding  a  corpuscle  is  but  slightly 
hypotonic,  that  the  process  above  described  can  be  observed. 

The  point  I  would  emphasise  is  this,  that  by  putting  the 
corpuscles  under  conditions  where  they  can  take  up  water,  loss 
of  biconcavity  of  the  disc  is  to  be  observed. 

On  dehydration,  on  the  other  hand,  the  biconcavity  is  exag- 
gerated. This  is  shown  by  the  comparison  of  the  corpuscles  in 
salt  solution,  and  in  dry  preparations,  by  Ehrlich's  method.  In 
the  latter  the  biconcavity  is  well  marked,  and  not  infrequently 
corpuscles  may  be  seen  with  a  quite  clear  centre.  Such 
corpuscles  may  be  observed  in  unstained  specimens  or  even 
in  films  stained  with  eosin. 

This  increase  of  the  biconcavity  of  the  corpuscles  on  dehydra- 
tions is  an  old  observation  of  Hayem's,  whose  own  words  may  be 
given*: — **Ajoutons,  en  terminant,  que  par  Tc^tude  des  pro- 
prietos  optiques  des  hsematies  dessdch^es,  la  forme  biconcave  des 
haematics  est  rendue  tr^  dvidente. 

"Quand  la  preparation  a  6t^  faite  avec  une  grande  rapidity  et 

'  It  may  be  mentioned  in  passing  that  similar  appearances  result  from  the 
action  of  some  hemolytic  toxins. 
*  Hay  em,  Du  Sang,  p.  80. 
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avec  du  sang  parfaitement  normal,  un  bon  nombre  de  globules 
rouges  sont  uniformement  color^s,  et  a  peine  plus  epais  sur  les 
bords,  qu'au  centre.  Mais  a  cot^  d'eux,  on  en  trouve  toujours 
dont  le  centre  est  clair,  k  cause  du  retrait  plus  oil  moins  complet 
de  rhiemoglobine  sur  le  bord  ^pais." 

The  corpuscle,  then,  in  the  condition  in  which  it  occurs  in  the 
blood  may  be  made  to  lose  its  biconcavity  when  the  fluid  sur- 
rounding it  IB  hypotonic;  and  its  biconcavity  is  increased  on 
desiccation  to  a  moderate  degree. 

This  behaviour  of  the  corpuscle  can  be  explained  by  a  simple 
hypothesis. 


A      0 


B      C  ff       tf  B"     C" 


The  figure  A,  B,  C,  D  represents  a  median  section  of  a  circular 
disc.  We  will  suppose  the  disc  to  be  enveloped  by  a  pliable 
membrane,  which  is  capable  of  extension,  but  which  is  incapable 
of  contraction.  The  contents  of  the  disc  we  will  suppose  to  be 
liquid. 

If  we  diminish  the  amount  of  fluid  in  the  disc,  say  by 
osmosis,  the  volume  the  disc  contains  becomes  less,  but  since 
the  membrane  is  incapable  of  contraction,  a  change  of  shape 
ensues.  The  shape,  with  a  moderate  degree  of  diminution  of 
volume,  is  shown  by  the  figure  A',  B',  C\  D'.  On  abstracting 
more  fluid  from  the  disc,  the  biconcavity  becomes  more  marked, 
as  in  the  figure  A",  B",  C",  D",  until  ultimately  the  two  side  walls 
meet. 

The  corpuscle  in  the  blood  represents  the  stage  A',B',  C,  D' ;  on 
drying,  the  biconcavity  becomes  more  marked ;  and  we  may  even 
get  an  apparent  meeting  of  the  two  side  walls,  as  shown  by  the 
corpuscles  in  a  dried  slide,  which  may  show  a  clear  unstained 
centre.     [It  may  be  noted  in  this  connection  that  corpuscles  of 
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this  shape  occnr  in  some  forms  of  anaemia,  and  are  known  as 
'  pfessary '  forms.^] 

Wheh,  however,  the  corpuscle  absorbs  water,  the  biconcavity 
disappears,  and  we  get  the  form  A,  B,  C,  D.  In  other  words, 
within  certain  limits  the  corpuscle  behaves  as  if  it  had  fluid 
contents,  and  Were  surrounded  by  a  pliable  membrane,  which 
was  capable  of  extension,  but  not  of  contraction.  The  question 
now  arises,  do  we  know  of  any  cause  determining  the  form  in 
which  these  corpuscles  are  present  in  the  blood  ?  Why  is  the 
corpuscle  biconcave,  and  not  flat? 

The  extreme  sensitiveness  of  the  corpuscles  to  external  con- 
ditions is  shown  by  many  facts.  We  can  estimate,  for  example, 
the  strength  of  certain  salt  solutions  to  hundredths  of  a  gram 
per  cent.,  when  they  are  used  as  indicators.  Again,  large 
quantities  of  corpuscles  may  be  completely  haemolysed  with 
minute  amounts  of  toxins  or  inorganic  poisons.  Perhaps  most 
remarkable  is  their  selective  power  for  certain  substances  in 
the  fluid  around  them.  Potassium,  manganese,  and  iron  salts 
are  not  absorbed  by  them ;  grape  sugar,  on  the  other  hand, 
readily  passes  into  their  substance.  So  delicate  are  these 
reactions  that  some  authors  see  in  them  a  display  of  the  vital  * 
activity  of  the  protoplasm  of  the  disc.  Be  this  as  it  may,  the 
necessity  for  a  consideration  of  the  plasma  in  any  attempt  to 
account  for  the  corpuscleis  is  evident. 

The  blood  plasma  is  so  complex  a  fluid  that  our  present 
means  of  analysis  are  quite  inadequate  to  give  a  full  account 
of  its  composition.  In  the  last  few  years,  for  example,  a 
huniber  of  previously  unknown  substances — bacteriolytic,  hemo- 
lytic, agglutinating,  antitoxic — have  been  found  in  normal  sera. 
The  osmotic  behaviour  of  such  a  fluid  in  corpore,  we  can  only 
picture  from  simple  physical  experiments,  and  probably  im- 
piarfectly.  Hamburger,  however,  has  established  the  important 
fact  that  the  plasma  of  a  blood,  in  many  cases  at  least,  is 
hypertonic  for  its  own  corpuscles.  In  other  words,  the  osmotic 
pressiire  within  the  corpuscles  is  less  than  that  of  the  plasma. 

Here,  then,  we  have  a  fact  which  is  fully  capable  of  explaining 
the  biconca\^  shape,  for,  bearing  in  mind  the  sensitiveness  of 
Ihe  cbr^uscles  to  external  conditions,  we  cannot  suppose  that 

^  titten,  Bcrl.  klin  Wocli^nschHfi,  1877,  No.  1. 
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a  hypertonic  fluid,  such  as  the  plasma,  is  without  influence  on 
them. 

The  hypothesis  I  venture  to  propose  is,  that  the  biconcave 
shape  of  the  corpuscle  represents  an  early  stage  of  dehydration 
of  a  disc  which  contained  more  water,  the  dehydration  being 
broQght  about  by  the  plasma.  The  corpuscles  behave  within 
limits  as  if  they  were  composed  of  a  membrane  incapable  of 
contraction,  with  fluid  contents.  The  addition  of  water  causes 
obliteration,  and  slight  dehydration  exaggeration  of  the  bicon- 
cavity. 

To  show  directly  that  the  red  corpuscles  at  their  origin  have 
flat  sides,  and  become  biconcave  by  loss  of  water,  is  with  our 
present  methods  impossible.  The  doctrine  of  the  development 
of  red  discs  from  nucleated  cells,  for  instance,  is  based  on  in- 
direct evidence ;  and,  further,  the  only  reliable  method  at  the 
present  time  for  examining  blood  is  that  by  means  of  dry 
preparations,  introduced  by  Ehrlich,  which  is  obviously  out  of 
court  for  the  present  purpose. 

Further,  we  must  suppose  that  the  red  discs  when  first  pro- 
duced contain  the  same  proportion  of  water  as  the  nucleated 
cells  from  which  they  are  cut  off.  Now  it  is  quite  impossible  to 
calculate  how  much  water  a  disc  must  lose  in  order  to  become 
biconcave.  But  it  is  readily  conceivable  that  it  may  be  too 
little  to  be  appreciable.  So  that,  should  it  be  found  that  the 
isotonic  point  of  the  nucleated  red  cells  was  indistinguishable 
from  that  of  the  daughter  discs,  this  would  not  disprove  the 
hypothesis.  But,  so  far  as  they  go,  the  data  known  at  present 
support  it.  For  in  cases  of  severe  secondary  anaemia,  and  in 
pernicious  anaemia,  large  quantities  of  nucleated  red  blood 
corpuscles  are  present  in  the  blood.  And  in  these  cases  the 
isotonic  point  of  the  corpuscles  is  abnormally  low.^ 

The  formation  of  the  central  depression  in  a  poikilocyte  is 
brought  about  in  the  same  way  as  in  the  mother  disc.  An 
objection  may  be  raised  that  since  the  osmotic  equivalents 
of  the  mother  and  daughter  disc  are  identical  at  the  time  of 
separation,  if  the  mother  disc  was  in  equilibrium  with  the 
plasma,  why  should  the  daughter  disc,  on  being  cut  off,  become 
further  dehydrated  ?    It  may  be  pointed  out,  in  the  first  place, 

*  Ehrlich  and  Lazarus,  Die  Ajioemie,  Bd.  i. 
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that  the  small  poikilocyte  possesses  a  greater  surface  relatively 
to  its  volume  than  the  mother  disc,  and  would  therefore  more 
readily  lose  water.  And,  secondly,  we  must  suppose  some  cir- 
cumstance in  the  corpuscle  by  which  it  is  enabled  to  remain  in 
equilibrium  in  a  plasma  that  is  hypertonic.  The  readiest  sup- 
position is  that  the  outer  layers  contain  less  water,  and  therefore 
for  some  reason  ©ffer  a  resistance  to  the  passage  of  more  water 
out  into  the  plasma.  With  a  mechanism  such  as  this,  since  it 
would  be  disturbed  on  the  cutting  off  of  a  poikilocyte,  we  can 
easily  understand  that  the  poikilocyte,  on  becoming  free,  at  once 
loses  water. 

This  hypothesis  of  the  normal  shape  of  the  non-nucleated  red 
corpuscle  would  attribute  to  the  possession  of  a  hypertonic 
plasma  an  additional  advantage  to  those  already  recognised. 
A  hypertonic  plasma  protects  the  corpuscles,  in  so  far  that  a 
passing  increase  in  the  water  it  contains,  an  increase  afterwards 
compensated,  may  take  place  without  any  laking  of  the  cor- 
puscles in  corpore.  And,  further,  the  action  of  some  hsemolytic 
poisons,  e.g.y  snake  venom,  eeFs  serum,  is  diminished  in  a  hyper- 
tonic salt  solution.  And  on  the  hypothesis  here  put  forward, 
the  hypertonicity  of  the  plasma  plays  an  important  part  in  the 
causation  of  the  shape  of  the  red  corpuscles,  a  shape  which,  as 
indicated  at  the  beginning  of  this  paper,  shows  a  high  adaptation 
to  their  function. 

In  conclusion,  I  wish  to  express  my  thanks  to  my  friend  Mr 
W.  M'Dougall  for  valuable  criticism. 
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I. — The  Cervico-thoracic  Rami  communicantes. 

This  research  is  a  continuation  of  the  examination  of  the  limits 
of  outflow  of  visceral  efferent  nerves,  of  which  two  sections 
have  been  published  in  this  Journal,  on  the  Lumbar  Rami  (12), 
on  the  Pelvic  Splanchnics  (ISy 


1.  ITie  Rami  in  Loioer  Animxils. 

The   results  of   the  many  investigations   made  upon   these 
nerves  by  experimental  and  fine  anatomical  methods  are  dealt 

^  A  grant  in  aid  of  the  expenses  of  the  researches  embodied  in  these  three 
papers  has  been  made  by  the  Scientific  Grants  Committee  of  the  British  Medical 
Association. 
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with  exhaustively  by  Langley  (16),  in  the  report  of  his  examina- 
tion of  this  region  in  the  eat,  dog,  and  rabbit.  It  is  therefore 
unnecessary  for  me  to  enter  here  into  the  literature  of  the 
subject  in  detail.  As  si  means  of  comparison  between  the  results 
obtained  for  man  in  the  present  research  and  those  obtained  for 
other  animals,  the  results  of  the  more  important  obBervations 
are  classified : — 

Table  I. 


Observer. 


Budge  (3) 


do.    (4) 


do.    (5) 


Bernard  (2) 

Salkowski 
(20) 

Fcrrier  (9) 


Date. 


1852 
1853 

1855 

1862 
1867 

1883 


Animal. 


Frangois-       I  1878 
Frauck(lO) 


Navrocki  and 
Przbylski 

(17) 

Dartre    and 
Morat  (7) 


Gaskel  (11) 


Sherrington 
(16,  p.  89) 

Langley  (16) 


1891 


1883 


; 


1886 


1892 


Rabbit 
do. 

do. 

Dog 
Babbit 

Ape 

Gat 

do. 

Dog 

Dog 
Ape 


Methods. 


1892     Rabbit, 
Cat, 
Dog 


Anterior 

limit 

of  reaction. 


Stimulation  of 
spinal  roots 

Excision  of  seg- 
ment of  spinal 
cord 

Stimulation  oi 
spinal  roots 

do. 

Cutting  spinal 
roots 

Stimulation  of 
spinal  roots 

Stimulation  of 
rami  com. 

do. 


Stimulation  of 
rami  com.  or 
Bpitial  roots 

Dissection  and 
serial  sections 

Stimulation  of 
spinal  roots 

Stimulation  of 
spinal  roots  and 
tine  dissections 


Thoracic  L 
CetvicalVlII. 

do.       VI. 

Thoracic  I. 
CervicalVll. 

Thoracic  11. 

Cervical  V. 

do.     VIII. 

do.     VIIL 


Thoracic  I. 


do.  I. 
do.  I. 
do.       I. 


Highest  level 

at  which 

white  bundles 

were  found. 


Thoracic  II. 


Thoracic  1. 
do.  I. 
do.      I. 
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Table  II. — Analysis  of  Observations, 


T.imit  of  Outflow. 

No.  of  Sets  of  Observations. 

Cervical         V. 

Da           VI. 

Do.         VII. 

Do.        VIII. 
Thoracic         I. 

Do.            II. 

One 

One 

One 

Three 

Nine 

Two 

The  summary  of  results  obtained  from  the  examination  of 
these  four  animals,  cat,  dog,  rabbit,  and  ape,  marks  out  the  1st 
thoracic  as  the  common  upper  limit  of  the  visceral  outflow.  Of 
the  other  observations  tending  to  show  the  existence  of  such 
fibres  at  higher  levels,  the  latest  experimental  worker  has 
thrown  doubt  upon  their  trustworthiness,  on  the  grounds  ot 
insufficient  certainty  in  the  enumeration  of  the  nerves,  or  in 
the  control  of  the  experiments  (16,  p.  88). 

In  those  cases  in  which  actual  dissection  has  been  performed 
the  variations  are  less  wide.  Gaskell  found  the  limit  in  the 
dog  to  be  the  tlud  thoracic,  and  Langley  in  cat,  rabbit,  and  dog, 
at  the  1st  thoracic  root.  The  latter  made  a  rough  count  of  the 
fibres  medullated  in  the  rami  of  the  1st  tlioracic  nerve  root  of 
the  dog,  and  found  about  five  hundred  present  (16,  p.  116). 


2.  The  Rami  in  Man. 

The  data  at  present  recorded  is  very  meagre.  Suggestions  are 
made  in  Quain  (18)  on  the  analogy  of  the  conditions  in  the  lower 
animals,  that  the  anterior  limit  of  the  white  rami  is  most  pro- 
bably the  1st  thoracic  nerve. 

Two  observations  bearing  somewhat  upon  the  subject  are  to 
be  found  in  the  remarks  on  the  origin  of  the  great  splanchnic 
nerve.  Snow  Beck  (1,  p.  215)  notes  the  origin  of  tubular  fibres 
for  this  nerve  from  all  the  superior  intercostal  nerves,  and 
Riidinger  (19)  traces  the  origin  of  white  fibres  from  the  llnd 
thoracic  root  to  the  same  trunk  nerve.  There  appear  to  be  no 
observations  bearing  upon  the  origin  of  splanchnic  fibres  for  the 
upper  regions. 
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3.  Present  Examination — Methods  and  Scope. 

In  this  examination  into  these  nerves  in  the  human  subject, 
I  have  endeavoured  to  obtain  results  similar  to  those  obtained 
in  my  earlier  examinations  of  the  lumbar  rami  and  the  pelvic 
splanchnics,  and  to  those  obtained  by  Langley  for  the  cat,  dog, 
and  rabbit. 

Foetuses  ranging  from  the  eight  months  (48  cm.)  to  full  time 
(55  cm.)  were  used.  The  subjects  were  dissected  immediately 
on  receipt,  in  the  fresh  state  ;  the  whole  of  the  cervical  and  upper 
thoracic  nerves  and  the  sympathetic  cord,  with  the  connecting 
rami,  were  removed  67i  Tuasse  to  osmic  acid  (1  per  cent,  solution) 
for  twenty-four  hours,  thence  into  weak  alcohol  for  twelve  hours. 
The  nerves  and  cord  were  then  fixed  for  the  purpose  of  making 
a  minute  dissection  of  the  rami.  A  part  of  each  ramus  was 
cleaned,  its  constituent  fibres  teased  out  in  rows,  and  the  char- 
acter and  number  of  the  white  fibres  therein  ascertained  by 
examination  with  the  microscope.  When  the  number  of  white 
fibres  was  small,  as  nearly  an  individual  count  as  possible  was 
made,  whilst  in  rami  containing  large  numbers  of  the  smaller 
fibres,  the  number  was  estimated  by  the  aid  of  a  micro-millimetre 
eye-piece. 

These  methods  of  investigation  were  employed  in  six  cases, 
which,  from  the  use  of  both  sides,  give  twelve  plexuses. 

Appended  are  the  drawings  of  the  various  dissections.  To 
each  of  these  there  corresponds  an  analytical  table,  giving  the 
results  of  the  examination  of  each  ramus,  and  from  these 
analyses  a  general  table  (III.)  has  been  prepared,  which  states 
the  form  of  plexus  examined,  the  number  of  white  fibres  found 
connected  with  each  spinal  nerve,  and  the  averages  for  each 
spinal  nerve  from  nerve  V  to  XII  inclusive. 

4.  Results. 

From  an  examination  of  the  analyses  of  the  several  dissec- 
tions, and  of  the  summary  of  the  results  given  in  the  general 
table,  it  will  be  seen  that  medullated  fibres  were  found  through- 
out the  range  of  rami  examined,  but  that  the  character  and 
number  of  these  fibres  is  strikingly  different  when  the  upper 
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and  lower  regions — Vth  to  Vlllth  cervical  and  1st  to  IVth 
thoracic — are  compared. 

The  white  fibres  have  been  separated  into  two  categories,  a 
class  for  those  under  4yu  in  diameter,  and  another  for  those  of 
a  diameter  of  4)u  and  exceeding  it.  The  significance  to  be 
attached  to  the  varying  sizes  of  meduUated  fibres  has  been 
pointed  out  repeatedly.  The  matter  was  briefly  summarised  in 
my  earliest  paper.  Observers  are  in  agreement  that  the  small 
white  fibres  of  a  diameter,  from  1*8  to  3*6  /^t,  having  a  character- 
istic bundle  formation,  are  to  be  regarded  as  forming  the  efferent 
fibres  of  the  sympathetic  system,  whilst  those  of  the  larger  size 
have  been  shown  by  Edgeworth  to  be  afferent  in  function. 

The  analyses  show  that  the  coarse  fibres  are  scattered 
throughout  the  region  examined  in  the  same  manner  as  was 
found  in  the  lumbar  region,  and  the  irregular  character  of  the 
distribution  is  such  that  no  general  plan  of  their  passage  through 
the  rami  can  be  formulated. 

The  distribution  of  the  fibres  of  the  smaller  size  is,  however, 
one  which  may  be  regarded  as  sharply  defined.  The  analyses 
show  that  their  numbers  were  great  in  the  lower  rami,  and  that 
there  was  a  sudden  and  marked  drop  in  their  numbers,  amount- 
ing in  some  cases  to  a  complete  cessation,  after  passing  the 
level  of  the  rami  of  1st  thoracic  nerve.  Beyond  this  level  the 
small  white  fibres  in  the  rami  were  in  most  cases  few  in  number, 
and  scattered   throughout   the    non-meduUated   fibres— (Table 

III.). 
The  exceptions  to  this  manner  of  distribution  are  few.     In 

subject  *  L,'  a  case  in  which  the  plexuses  for  both  the  fore  and  hind 
limbs  were  of  the  high  form,  typical  bundles  of  small  white 
fibres  were  found  in  the  rami  connected  with  the  Vlllth  cer- 
vical nerve,  and  there  could  be  no  doubt  that  in  this  case  the 
limit  of  outflow  was  extended  upwards  to  include  this  spinal 
nerve.  Bundles  of  small  fibres  were  found  in  the  rami  of  the 
Vlllth  cervical  nerve  in  other  cases,  and  in  one  case,  *  M ' 
right,  in  the  Vllth  cervical  rami,  but  in  these  cases  the 
number  of  fibres  within  the  bundles  and  within  the  rami  as 
a  whole,  was  too  small  to  warrant  an  upward  extension  of  the 
limit  of  efferent  outflow  so  as  to  include  these,  when  their 
small  numbers  were  compared  with  the  numbers  contained  in 
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the  rami  of  succeeding  nerves.  The  case  of  '  Q '  left  is 
somewhat  doubtful,  for  in  each  of  the  two  large  grey  rami 
connected  with  the  Vlllth  pervical  nerve  there  was  a  bundle 
of  about  twenty  fibres ;  in  the  right  side  of  the  same  subject 
there  were  no  such  bundles  within  the  rami  of  the  Yllltb 
cervical  nerve ;  and  there  was  a  fall  below  the  general  average 
in  the  number  of  fibres  within  the  rami  connected  with  the 
1st  thoracic  nerve,  a  diminution  which  may  perhaps  be  con- 
sidered as  consequent  on  the  low  form  of  the  limb  plexus. 

The  coTidusion  which  may  be  drawn  from  this  examination  is 
that  the  vsiial  superior  limit  of  the  cervico  -thoracic  visceral  efferent 
nerves  in  man  is  at  the  level  of  the  IXth  spinal  or  1st  thoracic  nerve, 
and  that  in  some  few  causes  the  limit  may  he  extended  to  the  Vlllih 
spinal  or  Vlllth  cervical  nerve,  and  that  this  variation  appears  to 
be  coniieded  vrith  the  variation  in  the  fon^m  of  plexws  for  the  fare 
litrib, 

II. — The  Condition  of  the  Sympathetic  Cord. 

1.  The  Ga7iglia—{TMe  IV.). 

The  '  typical '  plan  in  which  there  should  be  three  rami-bear- 
ing  ganglia  in  the  cervical  region,  and  a  ganglion  for  each  nerve 
in  the  thoracic  region,  would  appear  to  be  a  rare  condibion,  for 
in  these  twelve  dissections  it  was  only  met  with  once,  '  M '  left, 
while  even  in  this  case  ganglion  cells  were  found  to  extend 
along  the  cord  linking  the  middle  and  inferior  cervical  ganglia, 
showing  that  the  separation  of  the  ganglia  was  more  apparent 
than  real.  That  linking  of  ganglia  was  frequent,  can  be  seen 
from  an  examination  of  Table  V.,  in  which  an  asterisk  indicates 
a  continuity  of  ganglion  cells  along  the  cord.  In  the  other  cases 
the  ganglia  were  completely  fused  to  form  a  lesser  number,  whikt 
but  rarely  the  doubling  of  a  ganglion  was  found. 

The  only  manner  in  which  the  superior  cervical  ganglion  was 
found  to  vary  was  in  its  length.  In  subject  *  L '  it  was  on  both 
sides  unusually  long,  reaching  to  the  level  of  the  transverse  pro- 
cess of  the  Vth  cervical  vertebra. 

A  middle  ganglion  was  present  nine  times ;  of  these  it  was 
in  one  case,  *  N  *  left,  double,  and  in  another,  *  0 '  left,  the 
ganglion  was  constricted  to  form  three  parts.     In  only  three  of 
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these  nine  cases,  however,  did  the  ganglia  give  origin  to  rami 
communicantes ;  in  the  remaining  cases  it  was  small,  and  the 
reduced  ganglion  tended  to  be  displaced  in  a  downward  direc- 
tion. The  position  of  the  rami  for  the  Vth  and  Vlth  cervical 
nerves  in  those  cases  in  which  no  connections  with  a  middle 
ganglion  existed,  would  appear  to  show  thai  the  ganglion  is  only 
partially  absorbed  into  the  inferior  ganglion,  but  that  some  of  its 
ganglion  cells  are  incorporated  with  the  superior  ganglion.  In 
the  three  cases  in  which  a  middle  ramus-bearing  ganglion 
existed,  the  ramus  of  the  Vth  cervical  nerve  always  sprang  from 
it ;  in  all  other  cases,  excepting  one,  the  ramus  sprang  from  the 
superior  ganglion,  or  the  cords  below  it,  and  passed  out  in  a 
downward  direction,  whilst  the  ramus  for  the  Vlth  cervical 
nerve  arose  thrice  from  the  superior  ganglion  directly  or  indi- 
rectly, twice  from  superior  and  inferior,  and  six  times  from  the 
inferior  ganglion  alone. 

The  tendency  towards  fusion  of  the  ganglia  at  the  root  of  the 
neck  is  marked.  In  seven  cases  a  good  example  of  a  '  ganglion 
stellatum '  was  found,  and  in  three  of  these  the  fusion  embraced 
the  inferior  cervical,  first  and  second  thoracic  ganglia.  Besides 
these  seven  cases,  in  two  other,  fusion  of  the  inferior  cervical 
and  first  thoracic  ganglia  was  partial.  In  a  single  case  the  third 
and  fourth  thoracic  ganglia  were  fused,  and  once  a  third  thoracic 
ganglion  was  doubled.  In  three  cases,  *N' right, 'P' left,  and 
*  Q '  right,  small  accessory  ganglia  existed  in  the  cervical  region. 

2.  The  Annulm  of  Vievsseiis. 

This  was  present  so  as  to  form  a  complete  loop  around  the 
subclavian  artery  in  nine  cases.  In  subject  '  L '  the  annidus 
on  each  side  was  abnormally  long,  extending  the  whole  length 
between  the  superior  and  inferior  cervical  ganglia. 

3.  Analysis  of  the  White  Fibres  in  tlie  Sympathetic  Cord — 

(Table  V.). 

In  ten  of  the  dissections  portions  of  the  cord  were  taken  from 
the  links  between  the  ganglia  and  the  portions  cleaned  and 
teased  out  for  microscopic  examination,  in  the  same  manner  as 
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employed  for  the  rami  communicantes,  with  a  view  to  ascertain- 
ing the  condition  of  the  white  fibres  within  the  cord. 

In  many  cases,  indicated  in  the  table  by  an  asterisk,  no  count 
of  the  fibres  could  be  made,  owing  to  the  presence  of  nnmerous 
ganglion  cells  which  united  the  contiguous  ganglia. 

The  fibres  were  found  to  bear  the  same  characters  as  those  in 
the  rami,  the  small  white  fibres  were  very  numerous  in  the 
thoracic  portion  of  the  cord,  and  their  numbers  rapidly  dimin- 
ished in  the  upper  sections.  The  coarser  fibres  were  pretty 
evenly  scattered  throughout  the  cerd. 


III. — The  Plan  of  the  Rami  communicantes. 

In  the  thoracic  region  a  very  uniform  plan  of  arrangement 
was  found  to  exist.  In  most  cases  each  spinal  nerve  had  con- 
nected with  it  three  rami.  The  most  anterior  was  a  slender  ramus, 
composed  of  almost  wholly  small  white  fibres,  which  passed 
from  the  spinal  nerve  obliquely  upwards  across  the  head  of  the 
rib  to  the  ganglion  of  the  nerve  above,  This  ramus  is  a  veiy 
delicate  one,  and  liable  to  be  missed  unless  special  care  be  takea 
Connecting  the  nerve  and  its  own  proper  ganglion  were  two 
rami,  which  may  be  distinctly  separate  at  the  first  fresh  dissec- 
tion. Of  these  the  upper  usually  proves  to  contain  a  large 
number  of  the  small  white  fibres,  and  the  lower  to  be  mostly 
grey  fibres. 

In  some  cases  the  separation  of  the  two  parts  of  the  double 
connection  was  only  distinguished  after  the  staining  with  osmic 
acid ;  in  these  cases  the  rami  are  lettered  as  one  in  'the  figure, 
and  an  indication  of  the  double  nature  made  in  the  analysis. 
In  yet  other  cases  the  parts  are  so  firmly  united  as  to  constitute 
only  one  ramus. 

In  the  upper  region  of  the  thoracic  cord,  the  distinction  of 
white  and  grey  rami  are  fairly  sharply  maintained.  The 
extreme  shortness  of  these  upper  thoracic  tami  must  be 
emphasised. 

As  regards  the  rami  connected  with  the  cervical  nerves,  they 
are  variable  in  number,  and  in  their  connections  with  cord  or 
ganglia.     The  rami   of  the  first  three  cervical  nerves  almost 
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always  sprang  from  the  superior  cervical  ganglion,  that  of  the 
IVth  cervical  nerve  from  the  cord  immediately  below  this 
ganglion.  In  one  case,  *M*  left,  the  rami  of  the  Ilird  and 
IVth  nerves  sprang  from  a  middle  ganglion. 

The  origin  of  the  rami  for  nerves  V  and  VI  has  been  dis- 
cussed, and  is  shown  in  Table  IV. 

For  nerves  VII  and  VIII  there  are  usually  two  rami  to  each 
nerve,  which  always  spring  from  an  inferior  cervical  or  stellate 
ganglion. 

IV. — The  Form  of  Plexus. 

I  have  used  for  the  classification  of  the  forms  of  plexuses 
found,  the  size  of  the  communication  from  the  IVth  to  the  Vth 
cervical  nerve,  and  the  size  and  nerv6  of  origin  of  the  intercosto- 
humeral  nerve. 

The  cases,  which  were  labelled  and  dissected  immediately  on 
receipt  through  a  period  of  ten  months,  form  a  complete  series 
from  high  to  very  low  forms  of  plexuses.  It  may  be  noted  also, 
that  the  medium  and  low  forms  are  the  most  numerous,  and 
that  the  extreme  forms  are  in  the  direction  of  a  downward  shift- 
ing of  the  limb  plexus  ;  this  is  in  striking  contrast  to  the  forms 
of  plexuses  dissected  in  the  examination  of  the  lumbar  rami  and 
the  pelvic  splanchnics,  where  the  majority  were  medium  and 
high,  and  the  extreme  forms  were  those  showing  an  upward 
shifting  of  the  plexus.  These  conditions  may  very  well  be 
viewed  in  connection  with  the  theory  of  the  tendency  to  the 
diminution  of  the  extent  of  the  trunk  both  from  below  and 
above. 

The  plexuses  of  subject '  Q '  are  so  much  out  of  the  ordinary 
range  that  some  extra  details  of  their  arrangements  may  be 
given.  It  appears  they  form  the  greatest  downward  shifting 
yet  recorded  (Table  VI.). 

The  plexuses  are  remarkable  in  the  loss  of  supply  to  the  limbs 
from  the  IVth  and  partly  the  Vth  cervical  nerves,  which  is  com- 
l  pensated  for  by  the  absorption  of  the  greater  part  of  the  Ilnd 
thoracic  nerve  into  the  plexus.  This  supply  passed  upwards 
within  the  thorax  across  the  head  of  the  second  rib  and  the 
neck  of  the  first  rib  to  join  the  1st  thoracic  nerve  on  the  upper 
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Table  VI. — Forms  of  Plexuses  in  Subject '  Q' 


Nerves. 


Cervical  Plexus : — 
Com.  fir.  Cerv.  Nerve 

to  Xllth  Cranial. 
Descendens  Cervicis. 

Communicans  do. 


Phrenic  Nerve. 


Brachial  Plexus: — 
Com.    fr.    IV    to    V 

Cerv. 
Suppiv  to  plexus  fr. 


Apply  to  pie: 
ilnd  Dorsal. 


Musculo-cntaneous. 
Median:  —Outer  Head. 
Inner  Head. 
Ulnar. 

Internal  cutaneous. 
Lesser  do. 

Musculo-spiral. 

Circumflex. 

Intercosto-humeral : — 
From  II   Dor&ftl. 


III  do. 

IV  do. 


Lumbosacral  Plexus:  — 
Com.  fr.  XII  Dor.  to 

IL. 
Nv.  FuTcalis. 


Right  Side. 


Small      communication 

from  I  Cervical  only. 
Very  small,  from  I  Cerv. 

only. 
From  II  and  III  Cerv. 

No  Ansa. 
IV  and  V  Cerv.,  Branch 

from     IV       slightly 

larger. 


Absent. 

Two-thirds  whole  root 


V«i,VIa,  VII,7, 
Vila,  VIIIw  1,6, 

vni(«,  1(8, 

1(2, 


II(l| 
11(1) 
11(8) 
11(1) 

V(2,  VI(,o,VIIao)VIII,n, 

VtSl'VltT)    VII,5,     VIII(8, 

One- third  Second  Inter- 
costal, joins  with  les- 
ser internal  cutaneous 
twig. 

Two-thirds  Third  Inter- 
costal, descends  alone 
to  near  elbow. 

Not  present. 


Absent. 
Com.  from  IV.  L.  very 
minute. 


Left  Side. 


Same. 

Same. 

Same. 

IV  and  V  in  equal  pro- 
portions. They  do  not 
unite  until  within 
thorax. 


I 


Extremely  minnte. 

Two-thirds  whole  root 

V(.,  VI,„ 

VI(5,  VII<„ 
VII(2,  VIII„o,  Im  Ila. 

VIII,6)   1(7)  II.t, 

1(1)  n« 
Va,  vi(7,  vii(,4,  yiu» 

V(«,^VIw  VII««  villa, 


One-half  Second  Ifiter- 
costal,  joins  with  les- 
ser internal  cutaneous 
twig. 

Two-thirds  Third  Inter- 
costal, ends  middle 
third  of  arm. 

One-half  Fourth  Inter- 
costal, ends  upper 
third  of  arm. 


Absent 
No  com.  fr.  IV.  Lumb. 
Ant.  Crural  arises  from 
V.  L. 


The  small  bracketed  letters  indicated  the  approximate  proportion  of  the 
contributions  of  the  plexus  roots  to  the  nerves. 
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surface  of  the  neck  of  this  rib.  The  pressure  exerted  by  the 
sharp  bend  which  these  nerves  make  over  the  bone  might  be 
supposed  to  be  capable  of  exerting  an  influence  injurious  to  the 
growth  of  the  rib ;  in  this  case,  however,  no  sign  of  grooving  or 
defect  of  nutrition  could  be  discerned.  These  conditions  may 
be  compared  with  those  found  by  Lane  (15,  p.  267)  in  an  adult 
subject,  in  which,  with  considerable  coincident  changes  in  the 
skeleton,  the  IXth  nerve  "  was  joined  by  a  large  branch  of  the 
Xth  spinal  nerve." 

In  this  subject  the  conditions  of  the  other  plexuses  or  plexi- 
form  connections  of  the  spinal  nerves  were  examined,  with  the 
interesting  result  that  the  outflow  of  the  spinal  nerves  in  their 
i-elation  to  the  column  was  found  to  be  shifted  en  masse  in  a 
caudal  direction.  The  communication  from  the  spinal  nerves 
to  the  XII th  cranial  was  from  the  1st  cervical  only,  the  descen- 
dens  cervicis  derived  therefrom  was  very  slender,  and  was  suc- 
cessively augmented  by  communications  from  the  Ilnd  and  Ilird 
uerves.  There  was  no  loop  formed,  but  merely  a  multiple  origin 
of  a  single  nerve,  which  terminated  in  branches  of  supply  (fig. 
12)  to  the  depressors  of  the  hyoid  bone.  The  origin  of  the 
phrenic  nerve  was  also  depressed,  being  in  both  cases  only  from 
the  IVth  and  Vth  nerves,  and  on  the  right  side  from  these 
nerves  in  equal  proportions.  The  two  branches  from  these 
sources  ran  a  separate  coarse  in  the  neck,  only  uniting  within 
the  thorax  (c/  W.  Turner,  22,  p.  102).i 

In  the  lumbo-sacral  region  there  was  found  to  be  no  com- 
munication from  the  Xllth  thoracic  to  the  1st  lumbar,  and  on 
one  side  all  the  IVth  lumbar  was  used  within  the  lumbar  plexus, 
and  the  anterior  crural  nerve  derived  a  considerable  branch 
from  the  Vth  lumbar  nerve. 

In  the  large  extent  in  which  the  Ilnd  thoracic  nerve  enters 
into  the  formation  of  the  fore-limb  plexus,  this  case  resembles 
the  conditions  found  in  lower  animals,  e.g,,  cat  and  ape.  It  would 
have  been  a  matter  of  considerable  interest  if  the  contribution 
which  the  Ilnd  thoracic  nerve  made  to  the  ulnar  and  median 
nerves  could  have  been  traced  out  to  its  peripheral  distribution 

^  I  have  since  seen  two  cases  of  delayed  union  of  the  origins  of  the  phrenic  in 
idnlts.  In  each  of  these  the  contribution  from  the  fifth  nerve  passed  superfici- 
fiUj  to  the  subclavian  vein. 
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j^d  compared  with  the  diistribujbion  of  this  comiection  iu  fhn 
.jMacacufl  rhesus,  ^  given  by  Sherrington  (21,  p.  741);  J^^  thifl 
cojajd  nojb  be  done  here,  as  it  would  have  endangered  the  safety 
o^  tj^p  ranu  communicantes,  the  white  fibres  pi  which  breajt  up 
very  early. 

There  je^u^  no  abnormality  in  the  arrangements  of  the  ^bs,no^ 
j^t  Ij^  the  vertebral  column. 

It  is  of  considerable  interest  to  compare  these  ol^ervations 
with  those  of  cases  *  L/  *  M/  and  '  N/  where  the  brgchi^l  and 
luwbo-^acral  plexuses  were  examined. 

In  *  L '  the  plexuses  are  *  high '  forms  throughout ;  in  '  M ' 
'  jnedjijm '  fore-limb  and  *  low '  hind-limb  plexuses,  and  in '  N ' 

*  medium '  f ore-Jimb  and  '  high '  hind-limb  plexuses  are  associ- 

ftted  together. 

The  plexuses  of  *  L '  and  *  jQ '  show  a  shifting  en  masse  of  He 
nerves  in  aii  upward  iand  downward  direction  respectively,  yvbiht 

*  ]M[ '  shows  9.n  expansion  from  the  downward  shifting  oj  the 
hind-lin^l)  plexuses,  and  *N'  a  compression  from  the  ijpward 
dispUcj^ment  of  the  same  plexuses,  whilst  both  possess  the 

*  medium '  form  of  fore-limb  plexuses. 

In  '  Q '  the  shifting  was  ascertained  to  extend  to  the  upper 
cervical  region  as  well  as  to  the  limb  plexuses. 

V. — An  Inter-thoracic  Communication  from  the  IInd  to 

1st  Thoracic  Nerve. 

This  communication  was  present  in  seven  out  of  the  twelve 
di8sec|;ions  (including  '  Q ') ;  this  is  a  rather  smaller  proportion 
than  that  given  by  Cunningham  (6)  from  his  dissections,  but 
the  occurrence  is  more  frequent  than  that  indicated  by  Herring- 
ham  (14),  who  says  the  communication  is  too  small  to  be 
observed  in  foetal  dissections. 
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Roman  numerals — Spinal  and  Cranial  nerve  roots. 
Arabic  numerals — Rami  communicantes. 
Roman  letters  a  to  e — Sections  of  Sympathetic  cord. 

c.c, — Communicans  cervicis. 
dx. — Descendens  cervicis. 

d,h. — Branches  to  depressor  muscles  of  hyoid  bone. 
mji, — Branches    to    m.    genio-hyoideus    and    thyro- 

hyoideus. 
i.h. — Intercosto-humeral  nerve. 
ph. — Phrenic  nerve. 
Greek  characters — Branches  of  distribution  of  the  Sympathetic. 

$ — ^Thyroid  branches. 
K — Cardiac  nerves. 

X — Twigs  to  column,  ligaments,  and  aorta. 
TT — Pulmonary  branches. 
s — Do.  along  subclavian  artery. 
-Do.  along  vertebral  artery. 
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Analysis. 
L.  right,  J,  55  cm. 


No.  of  White  Fibres. 

\ 

Neire  Root. 

Ramus. 

1 

Description. 

Under 

4  fi  &nd 

4  m. 

over. 

V  Ceryical 

1 

0 

1 

Large  grey  ramus. 

VI       „ 

2 

0 

6 

do. 

VII       „ 

8 

0 

10 

do. 

;  VIII     „ 

1 
1 

4 

45 

3 

liarge    grey  ramus,  white 
fibres  in  two  bundles  of 
20  each. 

It      >> 

5 

0 

0 

Large  grey  ramus. 

I  Thoracic 

6 

75 

25 

Many  grey  fibres. 

,\    " 

7 

85 

10 

Very  large  grey  ranms. 

II    „ 

8 

•  •  ■ 

•  •  • 

Many  grey  fibres. 

- »»       »> 

9 

45 

5 

do. 

III   „ 

10 

120 

13 

Nearly  all  white. 

,',V        »» 

11 

110 

32 

S«rey. 

IV     „ 

12 

230 

16 

Most  white,  few  grey. 

"         >» 

13 

170 

43 

Igrey- 

Analysis. 
L  left,  ^,  55  cm. 


No.  of  White  Fibres. 

• 

KerreBoot 

Ramus. 

Description. 

Under 

4  fi  and 

4a*. 

over. 

V  Cervical 

1 

•  •  • 

•  •  • 

•  •  ■ 

VI       „ 

2 

•  •  • 

•  ■  • 

•  •  • 

VII       „ 

3 

0 

6 

Very  large  grey  ramus. 

VIII       „ 

4 

45 

8 

Very  large  grey  ramus, 
white  fibres  in  one  bundle 
of  40. 

»»                  l» 

5 

25 

2 

Very  large  grey  ramus, 
white  fibres  in  one  bundle 

of  20. 

I  Thoracic 

6 

85 

3 

•  ■  • 

n 

7 

75 

5 

White  ramus,  with  J  grey. 

t»     tt 

8 

240 

70 

f  grey  fibres. 

•  f                yt 

9 

60 

10 

Large  grey  ramus. 

III 

10 

80 

5 

White,  some  grey. 

f «                  it 

11 

80 

60 

f  grey. 

IV 

12 

•  •  • 

•  •  ■ 

Lost,  fine  white  ramus. 

**           l» 

18 

200 

55 

§  white. 

?7(} 
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M.  $,  54  cm.  right  a^de. 


Nerve  Boot. 

Ramns. 

No.  of  White  Fibres. 

Description. 

Under 
4  m. 

1 

4  n  aad 
over. 

V  Cervical 
VI       „ 
VII       ., 

1 

VIII        „ 

if                   f> 

I  Thoracic 

*>        }i 

>♦        »> 

II  „ 

III  „ 

»»         >» 
IV       „ 

*>           fl 
)}           it 

1 
2 

I 

5 

6 

7 

8 

9 

10 
11 
12 

18(2) 

14 

15a 
b 

0 

5 

2 

12 

4 

5 

8 

40 

70 

240 

70 

30 

115 

140 

400 

30 

5 

20 

8 

6 

1 
0 
0 
2 
1 

35 
3 
4 

18 
6 

10 
7 

Grey  ramus. 
Large    do. 

do. 
Very  large  ramns.     Ayhijte 

fibres  in  one  bundle. 
Small  grey  ramns. 
Very  largo  grey  ramus. 
Small  grey  ramus. 
Large         do. 
Many  grey  fibres. 

do. 
Large  grey  ramus. 
Many  grey  fibres. 
Very  do. 
Few  grey  fibres. 

do. 
Large  grey  ramus. 

Analysis. 
M.  $,  54  cm.  left  .side. 


No.  of  Wbit«  Fibres. 

• 

Nerve  Root. 

Ramus. 

Description. 

Under 

4  /uand 

4m. 

over. 

1 

y  Cervical 
VI       ,. 

1 

0 

6       ' 

Grey  ramus. 

? 

0 

0 

Very  large  grey  ramus. 

VII       „ 

3 

0 

0 

Small  grey  ramus. 

viii    W 

4 
5 

0 
0 

0 
5 

Large  grey  ramus, 
do. 

t  Thoracic 

6 

10 

25 

do. 

ft       >t 

7 

40 

0 

do. 

8 

135 

40 

White  ramns  but  man^'grey 
fibres. 

.11         »' 

9 

110 

15 

§grey. 

Small  white  ramus. 

HI     .. 

10 

45 

3 

ly    .. 

12^ 

300 

■  ■  ■ 

50 

■  •  • 

S  Krey. 

white  ramus,  lost             • 

it            »i 

13(2, 

175 

10 

Many  grey  fibres. 
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If-  right,  },  63  CIA. 


* 

■  ■ 

flTo.  of  Wjii^  Fibres. 

NervgJRo^r^ 

Ramus. 

* 

Descfjj^o]^. 

WP<?ef 

^/iaud 

1  ^— ^— ^— ^-^^^^^^— ^^ 

1 

over. 

V  CepicaJ 

I 

0 

0 

Grey  ramus. 

VI    ' 

2 

0 

0 

Large    do. 

i»        1 

3 

0 

5 

Grey  ramus. 

y«    . 

^ 

0 

20 

Large    do. 

)} 

5 

0 

8 

Grey  ramus. 

»♦         1 

6 

0 

4 

do. 

VIII       , 

7 

0 

5 

Large  grey  ramus. 

If          ] 

3 

0 

1 

Medium  grey  ramus. 

t>          i 

d 

20 

5 

Grey.ramus,  wjiite  f  bj'cs  in 

^ 

two  bundles  of  10  each. 

I  Thoracic 

10 

120 

5 

4  grey. 

>*       »f 

11 

150 

2 

i  do. 

n     » 

1      12 

210 

17 

1  do. 

»»          f » 

13 

0 

0 

All  grey. 

III     „ 

14 

80 

8 

i      do. 
1      do. 

>i           II                1 

15 

230 

9 

wU           »» 

le 

30 

2 

Mostly  grey. 

IV 

* '         II 

17 

90 

1 

Few  grey. 

i»          fi               < 

A?(2, 

20 

15 

Large  grey. 

Analysia 

N.  l^f^,  $,  j53  cm. 

JSq.  of  Fbite  Fibras. 

1 

Nerve  Root. 

Ramus. 

Description. 

Under 

4  ft  and 

4/u. 

over. 

V  Cexrical 

1 

0 

25 

3mall  grey  ramus. 

tt            it 

2 

0 

0 

do. 

VI        ,. 

8 

0 

0 

do. 

VII        „ 

i 

0 

6 

Very  large  grey  ramus. 

1  viu      „ 

6 

20 

10 

Large  grey  ramus,   white  | 

fibres  scattered. 

IS                         91 

0 

0 

6 

Grey  ramus. 

I  Thoracic 

7 

60 

20 

Many  grey  fibres. 

l>               9> 

8 

75 

26 

do. 

91               >l 

9 

10 

0 

Large  grey  ramus. 

11              „ 

IP 

80 

16 

Small  white. 

l>               »> 

12a 
b 

100 
5 

8 
0 

-  Very  many  grey. 

■ 

III 

12 

36      > 

10 

Many  grey. 

1}                 >> 

18a 

150 

6 

Sgrey. 

If                  l> 

b 

20 

0 

Large  grey  ramus. 

IV        „ 

14 

100 

5 

White,  few  grey. 

•t            It 

16 

70 

10 

Large  grey  ramuB. 

1 
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Analjsis. 
O.  right,  $,  48  cm. 


No.  of  White  Fibree. 

• 

Kerre  Root. 

RamoB. 

Description. 

Under 

4  fiand 

4m. 

over. 

VCervic*! 

1 

0 

7 

Medium  grey  ramns. 

VI       „ 

2 

0 

0 

Grey  ramus. 

VII       „ 

3 

15 

2 

Yerv    large   grey   ramus, 
white     fibres     in     one 

bundle. 

II                  11 

4 

0 

0 

Small  grey. 

VIII       „ 

5 

0 

0 

do. 

II                   II 

^(8) 

10 

8 

Very  large  grey  ramus. 

I  Thoracic 

7 

65 

5 

igwy. 

II       II 

8 

90 

5 

Most  grey. 

II       II 

9 

0 

0 

Very  small  grey. 

II       II 

10 

0 

0 

do. 

II       ti 

11 

0 

0 

do. 

11    ,, 

12 

70 

10 

iswy. 

Large  grey  ramus. 

'1        II 

13(2) 

65 

4 

III    „ 

14 

100 

20 

Few  grey  fibres. 

II         II 

15 

60 

0 

Large  grey  ramus. 

II         II 

16 

130 

6 

i  grey- 

IV       „ 

17 

40 

1 

Few  grey. 

II           II 

18 

15 

3 

Large  grey. 

II           II 

19 

150 

8 

Medium. 

Analysis. 
0.  left,  $,  48  cm. 


Nerve  Root. 

No.  of  White  Fibres. 

Description. 

Under 
4m. 

4/iand 
over. 

V  Oerrical 
VI       „ 
VII       „ 

II                   II 

VIII       ,, 
»>            II 

II             II 

I  Thoracic 

II  II 

II  :: 

II      It 

II      II 

HI       „ 

•  1           II 

IV       .. 

II            II 
II          II 

1 

2 
8 
4 
5 
6 

7 

8 

9 

10 
11 
12 
13 
14 
15(j, 
16 
17 
18 

0 

•  •  ■ 

0 

0 

3 

14 

2 
95 

70 

85 
200 
120 

20 

160 

0 

80 
200 

20 

2 

*.. 

4 
10 

7 

8 

0 
20 
10 

2 
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Grey  ramus. 

Lost. 

Very  large  grey  ramus. 

Medium  grey  ramus. 

Large  grey  ramus. 

Grey  ramus,  white  fibres  in 

one  bundle  of  8. 
Grey  ramus. 
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do. 
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Few  do. 
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Few  do. 
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Few  grey, 
i        do. 
Large  grey  ramus. 
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Analysis. 
P.  right,  ^,  52*5  cm. 


No.  of  White  Fibres. 

Nerve  Root. 
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♦»         »i 
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2 
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)>          )f 
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Very  large     do. 

>>               n 
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0 
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Large  grey     do. 

I  Thoracic 

7 
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*grey. 

>»       »i 
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Very  large  grey  ramus. 
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80 
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J  grey. 

n     „ 

10 

140 
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If            it 
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»»            »f 

12 
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III            ., 

18 

110 
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igrey. 

»*             >> 

14,2) 

20 
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Large  grey  ramus. 

IV       „ 

15 

70 

0 

Few  grey  fibres. 

if            a 

16 

100 

10 

Very  many  do. 

91                  >l 

17 

50 

3 
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Description. 


With  this  ramus  there 
runs  a  muscular  branch 
of  100  fibres  of  8-4  m» 
past  the  accessory  gan- 
glion. 

Large  grey  ramus,   white 

fibres  scattered. 
Very    large    grey    ramus, 

white  fibres  scattered. 
Grey  ramus. 
Few  grey  fibres. 
Large  grey  ramus. 
Few  grey  fibres, 
igrey. 

White  ramus,  some  grey. 
Grey  ramus. 
Few  grey  fibres. 
Many         do. 
Grey  ramus. 
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Analysis. 
Q.  right,  ^,  54  cm.  (14  days  extra-uterine). 
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.      2 

Large  grey    do. 

VII       „ 
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II       „ 

6 

85 
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f>        »» 

,       7 

80 
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Nearly  all  white. 

>>                  f1 

'        8 

240 
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^  grey  fibre.s. 
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11            it 

9 

20 

0 

III           ,, 

10 

»». 

•  •  • 

Small  white  ramos — lost. 

ft            i> 

11 

SIO 
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Few  grey  fibres. 

»♦             »» 

12 

0 
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IV       „ 

13 

I         $5 
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Nearly  all  white. 

»l           >» 

14 

^         60 
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f  grey. 

Analysis. 
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8 
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»>         »> 
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30 
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VIII       „ 

5 
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20 
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70 
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18 
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)f         }« 
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THE  MINUTE  STRUCTURE  OF  THE  MEDULLARY 
SHEATH  OF  NERVE-FIBRES.  By  Wiluam  H.  Wynn, 
B.Sc.  (Lond.),  Gold  Medallist  in  Physiology,  Lond,  Univ. ; 
Heslop  and  Constance  Naden  Gold  Medallist,  Ma&on  Univer- 
sity College,  Birmingham,    (Plates  L,  LI.) 

{From  the  Physiological  Laboratory ,  Mason  University  College,  Birmingham, ) 

In  this  paper  I  purpose  describing  the  result  of  an  investigation 
on  the  medullary  sheath  in  which  the  improved  methods  of 
hardening  and  staining  nervous  tissues,  especially  by  the  recent 
modifications  of  the  Weigert-Pal  method,  have  been  employed. 
The  appearances  met  with  have  not  previously  been  described, 
and  from  their  constancy  and  regularity  are  of  great  interest. 

But  before  entering  upon  the  more  original  observations,  it  is 
perhaps  desirable  to  give  a  brief  rdsumA  of  our  present  know- 
ledge of  the  histology  of  the  medullary  sheath,  so  far  as  it 
concerns  this  paper. 

All  observers  are  agreed  that  the  sheath  consists  of  two  parts 
— the  fatty  substance,  or  myelin,  and  a  supporting  framework  or 
stroma.  It  is  concerning  the  nature  and  structure  of  the  latter 
that  there  is  a  great  diversity  of  opinion  among  histologists. 
Many  isolated  observations  have  been  recorded,  but  as  yet  no 
theory  has  been  constructed  which  affords  an  adequate  explana- 
tion of  them. 

Ranvier,  who  first  described  the  original  protoplasmic  condition  of 
the  sheath,  considers  that  the  protoplasm  has  disappeared  and  become 
replaced  by  myelin,  except  immediately  beneath  the  primitive  sheath 
and  immediately  surrounding  the  axis-cylinder,  where  thin  layers  still 
remain.  Ho  further  considers  that,  these  layers  are  connected  by 
oblique  protoplasmic  septa  corresponding  in  position  to  the  clefts 
described  by  Schmidt,  Lantermann,  and  others,  and  dividing  the 
sheath  up  into  small  conico-cylindrical  segments.  If  the  fibres  be 
examined  carefully  in  the  fresh  condition,  the  clefts  seem  to  bo 
bridged  across  by  oblique  fibres  passing  from  one  segment  to  the 
other.  These  fibres  are  the  optical  sections  of  oblique  lamellae  passing 
across  the  clefts. 
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Eezzonico  ^  and  Golgi,^  from  the  examination  of  fibres  treated  by  a 
mixture  of  bichromate  of  potash  and  osmic  acid,  and  afterwards  by 
nitrate  of  silver,  find  that  each  cleft  is  occupied  by  what  appears  to 
be  a  thread  of  darkly-stained  substance  passing  spirally  around  the 
fibre.  They  consider  that  the  supporting  framework  of  the  sheath 
consists  of  a  chain  of  funnels  surrounding  the  axis-cylinder,  each 
funnel  being  formed  by  a  spiral  thread. 

A  reticular  structure  pervading  the  medullary  sheath  has 
been  described  by  many  observers. 

EtccUd  and  Kiihne,  ^  by  dissolving  out  the  myelin  by  placing  a  nerve 
in  strong  alcohol,  obtained  a  network  readily  stained  by  most  dyes. 
This  they  considered  chemically  to  be  of  a  horny  nature  on  account 
of  its  great  resistance  to  reagents,  and  especially  to  gastric  and  tryptic 
digestive  fluids.  Hence  it  is  termed  the  neuro-keratin  network  or 
horny  reticulum.  This  network  they  regarded  as  double,  one  part 
closely  surrounding  the  axis-cylinder,  the  other  being  immediately 
beneath  the  primitive  sheath. 

Eumpf^  agrees  with  Ewald  and  Kiihne  in  the  existence  of  two 
reticular  sheaths  with  myelin  between.  He  believes  that  it  is 
narrowed  but  not  interrupted  at  the  nodes  of  Ranvier,  and  that  there 
is  an  albuminoid  substance  in  these  sheaths  which  can  be  digested 
with  trypsin,  leaving  behind  neuro-keratin ;  and  a  cement  substance 
which  may  be  responsible  for  the  slits  of  Lantermann. 

Tizzoni  ^  believes  that  there  is  but  one  network  closely  investing 
the  axis-cylinder,  and  that  it  is  in  connection  with  the  slits  of 
Lantermann. 

Koch  ^  also  denies  the  existence  of  an  outer  sheath. 

Fleming'^  believes  that  the  neuro-keratin  network  is  due  to  the 
spiral  threads  of  Golgi's  funnels,  often  much  twisted,  and  that  there 

'  Rezzonico,  **  Sullastruttara  delle  fibre  nenrose  del  midollo  spinale,"  Arch, 
per  le  Sc.  med.  ToHtw^  1880,  vr.  78-90.  ''Salla  stnittura  delle  fibre  nenrose 
del  midollo  spinale,"  Gazz.  med,  ital,  Urmb,  Milarw^  1879,  8  8.,  i.  341. 

''^  Golgi,  "Snila  struttura  delle  fibre  nervose  midoUate  periferiche  e  centrali," 
Arch,  per  le  Sc.  med.  Torino,  1880,  iv.  221-246. 

'  Ewald  and  EUhne,  "  Die  Yerdauung  als  histologlsche  methode.  Ueber  einen 
neuen  Bestandtheil  des  Nervensy stems,"  Verhandl.  des  Naturhist  med,  Vereim 
zu  Heidelberg,  Bd.  L,  1876. 

*  Rampf,  *'  Znr  Hist,  der  Nervenfaser  and  des  Axencylinders,"  Smider  <tbdr. 
aus  den  VnUerswchiingen  des  Physiol,  Instit.  der  Uhiversitdi.  Heidelberg,  Bd.  it 
hefb  2,  1878. 

^  Tizzoni,  "  Sulla  patalogia  del  tessuto  nervoso-osservazione  ed  experiment! 
suUa  istologia  normale  e  patologica  della  fibra  nervosa,"  Archiv  per  le  Sc  med,, 
vol.  iu.  fasc.  1,  1878. 

^  Eoch,  "  Znr  Eenntniss  der  Markhaltigen  Nervenfaser,"  Tageb,  der  61  Vers, 
deutschen  Naturf,  und  Aertze  in  Kassel,  1878,  a.  262. 

''  Fleming,  *'  Observations  on  the  Histology  of  Medullated  Nerve-fibres  in  Man 
and  Babbits,"  Jour.  AncU.  and  Phys,,  1897,  vol.  zxzL.  p.  397. 
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is  also  evidence  of  an  additional  network  of  fibres  or  strands  running 
between  the  axis-cylinder  and  the  periphery. 

McCarthy  has  shown  that  after  a  nerve  has  been  hardened  with 
picric  acid  or  ammonium  chromate,  the  medullary  sheath  contains 
minute  rod-like  structures,  which  pass  radially  between  the  axis- 
cylinder  and  the  primitive  sheath  so  as  to  give  the  cross-section  of  a 
fibre  the  appearance  of  a  wheel.  The  rods  stain  with  carmine  and 
luematoxyiin,  which  do  not  stain  the  myelin.  It  is  not  possible  to 
isolate  the  rods  as  separate  elements,  for  they  are  not  distinct  from 
one  another,  but  united. 

Gedodst  regards  the  neuro-keratin  network  as  the  reticulum  of  the 
original  protoplasmic  cell  from  which  the  medullary  sheath  has  been 
formed. 

Ohittemlen^  Lei/dig,  PalwUno,  Joseph,  and  Schiefferdecker  all  hold 
that  there  is  a  pre-existent  neuro-keratin  supporting  network ;  whereas, 
on  the  other  hand,  a  large  number  of  observers — Engdrfiann,  Gerlachy 
Waldsiein  and  Weber,  Hesse,  Peftik,  KnUiker,  Boveri,  Lawdwcsky, 
Von  Biingner  and  Stroehe — consider  that  either  the  network  is  due  to 
post-mortem  change  or  is  an  artificial  product  of  the  reagents  used. 

Ranvier,  Gcul,  and  Hey  mans  believe  that  the  medullary  sheath  con- 
tains an  albuminous  substance,  which  is  artificially  separated  and 
deposited  as  a  network  by  the  reagent  employed. 

Lanterniann,  Von  Stilling,  Roudanowski,  and  McCarthy  all  believe 
that  there  is  a  system  of  hollow  canals  in  the  sheath  which  are  con- 
nected with  the  axis-cylinder.  They  think  that  the  network-like 
appearance  is  due  to  this. 

There  can  be  no  doubt  that  the  medullary  sheath  contains  the 
material  known  as  neuro-keratin,  but  there  are  several  facts  which 
seem  to  oppose  its  existence  as  a  network  in  the  living  nerve  fibre.  Its 
very  variable  appearance ;  the  difference  in  the  size  of  the  meshes 
even  in  the  same  fibre;  the  fact  that,  as  Gerlach  has  shown,  the 
character  of  the  network  varies  with  the  strength  of  the  alcohol  used, 
seem  to  point  to  the  view  that  it  is  due  to  the  artificial  precipitation 
by  the  alcohol  or  other  reagent  used  of  some  material  containing 
so-called  neuro-keratin,  which  enters  into  the  constitution  of  the 
medullary  sheath. 

Method. 

Most  of  the  sections  have  been  obtained  from  the  sciatic 
nerves  of  dogs  and  cats,  but  othernerves  were  also  employed, 
as  well  as  posterior  root-ganglia  and  spinal  cord.  Occasion- 
ally human  nerve  was  used.  The  nerves  were  carefully  removed 
immediately  after  death,  care  being  taken  to  avoid  injury  by 
undue  manipulation  ;  they  were  then  suspended  in  5  per  cent, 
formalin  {Le.,  2  per  cent,  formaldehyde)  until  hardened.  For- 
malin was  invariably  the  hardening  reagent  used,  since  it  rapidly 
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kills  the  tissue  and  hardeiis  without  causing  any  obvious  swell- 
ing or  shrinkage.  Formalin-hardened  tissue  also  readily  lends 
itself  to  the  special  method  of  staining  employed. 

Sections  were  cut  with  the  freezing  microtome,  the  piece  of 
nerve  being  simply  dried  with  blotting-paper,  then  surrounded 
with  gum,  and  frozen,  without  previously  soaking  it  in  gum. 
The  sections  were  preserved  in  5  per  cent,  formalin  until 
required. 

The  further  treatment  consisted  in  staining  the  sections  by 
one  or  other  of  the  modifications  of  the  Weigert-Pal  method 
introduced  by  Bolton.^  The  sections  were  mordanted  by  placing 
them  for  twenty-four  hours  in  the  cold,  in  a  2  per  cent,  solu- 
tion of  ammonium  molybdate,  iron  alum,  or  uranium  acetate. 
This  process  was  sometimes  hastened  by  placing  the  sections 
in  the  solution  in  an  incubator  at  40*'  C.  After  well  washing 
with  distilled  water,  the  sections  were  stained  for  some  hours  in 
the  cold  in  acid  haematoxylin,  or  for  about  two  hours  in  an  incu- 
bator at  40''  C,  and  then  after  again  well  washing  with  water, 
they  were  differentiated  by  Pal's  method.  The  sections  were 
first  placed  for  a  few  seconds  in  a  solution  of  potassium  per- 
manganate, then  transferred  to  VaVs  solution,  after  which  the 
bleaching  baths  were  alternated  until  the  required  differentia- 
tion was  obtained.  The  sections  were  then  washed  in  distilled 
water,  dried  with  blotting-paper  on  a  section-lifter,  and  trans- 
ferred to  absolute  alcohol  for  a  few  seconds  (if  the  alcohol  be  made 
very  slightly  alkaline,  sections  can  remain  in  it  longer  without 
harm),  then  again  dried  and  placed  in  chloroform,  then  without 
drying  passed  into  xylol  and  mounted  in  xylol  balsam.  Latterly 
I  have  also  used  a  new  method  of  differentiation,  chiefly  for 
sections  mordanted  in  ammonium  molybdate,  discovered  by 
Bolton.  This  method  is  far  simpler  and  quicker  than  Pal's 
method,  and  equally  good  results  are  obtained.  The  sections 
are  simply  placed  in  a  moderately  dilute  solution  of  ammonia, 
when  the  unattached  lake  is  quickly  dissolved  out,  leaving  dif- 
ferentiation complete. 

Some  sections  were  cut  in  paraffin,  fixed  on  the  slides  by 
Gaule's  method,  and  then  mordanted,  stained,  and  differentiated 

>  Bolton,  "On  the  Nature  of  the  Weigert-Pal  method,"  Joum.  AwL  and 
P//y«.,vol.  xxxii.  p.  247. 
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as  above.  The  results  were  identical  with  those  obtained  by  the 
other  methods. 

The  Weigert-Pal  method  was,  until  recently,  regarded  as  a 
specific  method  for  staining  the  medullary  sheath  of  nerve  fibres. 
But  Bolton/  in  a  recent  investigation  on  "  The  Nature  of  the 
Weigert-Pal  Method,"  has  shown  that  it  is  "  a  method  of  dyeing 
fibrils  which  comprises  three  distinct  operations :  the  mordant- 
ing of  the  fibrils,  the  formation  of  a  lake  in  them,  and  finally 
the  removal  of  the  stain  by  oxidation  from  nearly  every  other 
part  of  the  complex  tissue  under  treatment."  He  further  showed 
that  the  tissues  which  are  most  readily  mordanted,  and  there- 
fore in  which  the  haematoxylin  lake  is  most  intensely  deposited, 
are  those  possessing  the  greatest  actual  or  potential  metabolism. 
Thus  this  method  can  be  applied  to  tissues  other  than  nervous, 
which  contain  fibres  of  high  metabolic  activity,  surrounded  by 
ground  substances  of  low  metabolism.  Thus  when  sections  of 
kidney  are  submitted  to  the  process,  a  beautiful  staining  of  the 
kidney  tubules  results,  though  naturally,  owing  to  the  coarseness 
of  the  fibres  (tubules),  the  section  is  only  of  value  under  a  low 
power.  Involuntary  muscle-fibres  can  similarly  be  stained  in  a 
section,  for  instance,  of  intestine.  Sections  of  parenchymatous 
structure,  such  as  the  liver,  where  metabolism  is  approximately 
equal  throughout,  remain  diffusely  stained,  or  are  entirely 
decolorised  according  to  the  extent  to  which  the  bleaching 
process  is  carried  out. 

The  reason,  therefore,  that  the  method  is  only  of  practical 
value  in  the  nervous  system,  is  not  that  it  is  a  specific  staining 
for  myelin,  but  because  here  alone  are  minute  fibres  of  consider- 
able length  and  of  at  any  rate  high  potential  metabolism.  As 
further  evidence  of  its  action  may  be  mentioned,  the  non-stain- 
ing of  fibrous  and  elastic  tissues  and  of  neuroglia,  in  all  of  which 
the  metabolic  activity  is  low,  while  blood -corpuscles  readily 
stain  and  are  difficult  to  decolorise,  and  the  nucleoli  of  nerve- 
cells  often  remain  black,  even  after  over-differentiation  and 
decolorisation  of  many  nerve-fibrils. 

This  method  is  therefore  particularly  applicable  to  the  study 
of  the  medullary  sheath,  where  we  have  presumably  to  deal  with 
two    structures    differing    greatly  in   metabolic  activity — the 

*  Jowr.  Anat,  CMdPhys.y  xxxii.  p.  247. 
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myelin  and  the  supporting  network  or  stroma.  With  careful 
differentiation  it  should  then  be  possible  to  obtain  the  part  with 
the  higher  metabolism  deeply  stained,  the  other  with  the  lower 
metabolism  decolorised.  This,  as  I  shall  show,  is  actually  the 
case. 

Histology. 

In  a  typical  longitudinal  section  of  a  nerve  prepared  as  above, 
and  examined  under  a  low  power  of  the  microscope,  each  nerve 
fibre  is  seen  to  be  stained  in  a  peculiar  manner.  The  axis- 
cylinder  is  more  or  less  deeply  stained  in  its  whole  length,  but 
the  medullary  sheath  is  only  partially  stained,  deeply  stained 
portions  alternating  regularly  with  unstained  portions,  thus 
giving  to  the  nerve  fibre  a  characteristic  beaded  or  varicose 
appearance.  The  stained  parts  are  funnel  or  cone-shaped  with 
their  apices  in  any  short  length  of  a  fibre  pointing  in  the  same 
direction  (fig.  1).  Bolton,^  in  a  paper  on  *'  The  Eange  of  Appli- 
cability of  Certain  Modifications  of  the  Weigert-Pal  Process," 


Fic;.  1. — Longitudinal  section  of  sciatic  nerve  of  cat.     Slightly  teamed. 

Showing  cones  only.     Low  power. 

published  two  micro-photographs,  one  of  a  longitudinal  section  of 
a  posterior  root-ganglion  of  a  cat,  the  other  of  a  transverse 
section  of  a  dog's  sciatic  nerve,  in  which  these  appearances  are 
seen  and  briefly  referred  to. 

On  carefully  examining  a  single  fibre  with  a  higher  power  the 
stained  portions  of  the  sheath  are  observed  to  be  actual  cones 
or  funnels,  each  possessing  a  definite  structure,  which  is  con- 
stant in  all  the  cones  of  the  same  fibre. 

'  Jour.  Anat.  and  Phys.,  vol.  xxxiii.  p.  294-5,  PI.  VII, 


THE   MEDULLARY   SHEATH   OF  NERVE-FIBRES.  387 

If  the  section  has  been  strongly  mordanted  and  under- 
differentiated,  the  cones  appear  to  be  solid  and  structureless, 
and  the  axis-cylinder  is  deeply  stained.  The  base  of  the  cone 
has  the  same  diameter  as  the  fibre  itself,  so  that  it  occupies  the 
whole  circumference  of  the  fibre  lying  immediately  beneath  the 
primitive  sheath.  The  apex  of  each  cone  is  pierced  by  the 
axis-cylinder,  which  therefore  occupies  the  axes  of  all  the  cones 

(fig.  2). 

If  the  section  has  been  moderately  mordanted  and  carefully 
differentiated  the  cones  are.  not  complete,  but  are  composed  of 


Fig.  2. — Single  fibre  of  above  section  more  highly  magnified.  Segments 
of  cones  are  undifferentiated.  Perii)heral  protoplasmic  sheath  is  faintly 
stained  near  bases  of  cones. 

several  separate  pieces,  which  are  deeply  stained,  separated  by 
gaps  where  the  stain  has  been  washed  out  (fig.  3).  These  seg- 
ments are  placed  at  regular  distances  apart,  each  passing  from  the 
primitive  sheath  to  the  axis-cylinder.     All  the  segments  of  the 


^ 
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Fio.  8. — Portion  of  fibre  from  cat's  sidatic  nerve.     Shows  cones 
differentiated  to  show  segments. 

cone  are  not  in  focus  at  one  time,  but  they  can  be  made  out  by 
carefully  focussing  up  and  down ;  they  are  six  in  number,  but 
this  is  better  seen  in  transverse  sections.  Each  segment  is 
slightly  curved,  the  concavity  being  outwards,  so  that  on  the 
whole  the  surface  of  a  cone  is  nearer  to  the  axis-cylinder  than 
to  the  primitive  sheath.  At  the  apex  of  a  cone  the  segments 
often  appear  to  be  united,  and  continued  around  the  axis- 
cylinder  for  a  short  distance  as  a  sheath.  The  axis-cylinder 
in   moderately   mordanted  sections  loses  its  stain   before  the 
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segments  of  the  cones,  and  so  in  many  fibres  the  axis-cylinder 
is  unstained  except  near  the  cones. 

The  cones  are  placed  at  regular  distances  apart  along  a  fibre. 
They  do  not  overlap  or  fit  into  one  another.  There  is  usually  a 
short  distance  between  the  base  of  one  cone  and  the  apex  of  the 
next,  which  distance  may  be  as  long  as  the  length  of  a  cone. 

The  cones  all  lie  in  one  direction  in  the  same  intemode,  but 
80  far  as  can  be  made  out,  they  change  their  direction  at  each 
node. 

In  most  sections  besides  the  cones  there  can  be  seen  a  faintly- 
stained  substance  lying  just  beneath  the  primitive  sheath.  In 
moderately  mordanted  fibres  the  substance  is  only  seen  near 
the  bases  of  the  cones,  where  it  is  stained  fairly  deeply,  but  as 
it  passes  into  the  interval  between  two  cones  the  stain  gradually 
disappears  and  the  substance  becomes  invisible. 

When  the  middle  of  the  fibre  is  in  focus,  only  that  portion 
of  the  substance  lying  immediately  beneath  the  primitive 
sheath  where  it  is  cut  by  the  plane  of  the  focus  can  be  seen ; 
this  gives  to  it  the  appearance  of  two  fine  points  projecting  hke 
barbs  from  the  base  of  the  cone  (Plate  L.  fig.  1). 

In  over-mordanted  or  under-dififerentiated  fibres  the  whole  of 
this  substance  is  deeply  stained  so  as  to  obscure  the  cones,  and 
then  it  is  seen  to  form  a  continuous  sheath  lying  immediately 
beneath  the  primitive  sheath.  In  other  fibres,  again,  the  whole 
of  the  sheath  is  stained,  but  it  has  shrunk  from  its  place  beneath 
the  primitive  sheath  towards  the  axis-cylinder,  i.e.  it  has  under- 
gone plasmolysis ;  but  this  only  occurs  in  the  spaces  between 
the  cones;  where  the  bases  of  the  cones  reach  the  primitive 
sheath  the  substance  is  held  in  position  and  prevented  from 
shrinking.  In  many  places  the  more  deeply  stained  cones  can 
be  seen  through  the  less  deeply  stained  sheath.  These  features 
can  be  made  out  in  Plate  L.  fig.  2,  taken  from  a  longitudinal 
section  of  a  cat's  spinal  ganglion,  if  it  be  examined  in  a  good 
light  with  a  lens.  This  sheath  is  still  better  seen  in  transverse 
sections.  Very  often  the  place  of  this  sheath  is  occupied  by 
a  network  resembling  somewhat  the  neuro-keratin  network  of 
Kiihne ;  this  will  be  described  in  detail  later. 

Perhaps  the  appearances  seen  in  transverse  sections  of  a 
nerve  are  even  more  interesting.     In  some  sections  the  axis- 
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cylinder  if)  the  moBt  deeply  stained  part  of  the  fibre  ;  it  is  seen 
lying  in  the  middle  of  a  ring  of  faintly-stained  or  unstained 
medullary  substance.  In  other  sections  the  medullary  sheath 
is  the  more  deeply  stained  part,  the  stain  having  nearly  been 
washed  out  from  the  axis-cylinder,  which  is  therefore  almost 
colourless;  this  is  usually  the  case  with  large  fibres  that  have 
been  over-mordanted.  But  when  the  fibres  have  been  mode- 
rately mordanted  and  carefully  differentiated,  the  majority  of 
the  fibres  show  the  medullary  sheath  with  its  constituent  parts 
distinguished.  It  thus  appears  to  be  only  partially  stained, 
the  ring  of  medullary  substance  being  broken  up  by  gaps 
into  six  segments  (Plate  LI.  fig.  3).  This  segmented  ring 
does  not  occupy  the  whole  of  the  space  between  the  axis- 
cylinder  and  the  primitive  sheath,  but  varies  in  position ;  thus, 
it  may  lie  immediately  beneath  the  primitive  sheath,  the  space 
between  it  and  the  axis-cylinder  being  unstained ;  or  it  may 
immediately  surround  the  axis-cylinder,  having  an  unstained 
portion  outside  it,  and  between  it  and  the  primitive  sheath ;  or 
it  may  occupy  some  position  l^etween  these  two  extremes,  the 
medullary  substance  both  within  and  without  the  ring  being 
unstained. 

In  other  fibres  there  is  a  thin  ring  immediately  beneath  the 
primitive  sheath,  and  another  surrounding  the  axis-cylinder, 
both  of  which  are  complete  and  unsegmented ;  the  latter  is  only 
distinctly  seen  when  the  axis-cylinder  is  unstained.  In  many 
fibres  their  presence  is  obscured  by  the  larger  segmented  ring, 
but  when  this  is  near  the  axis-cylinder  the  thin  unbroken  ring 
beneath  the  primitive  sheath  can  be  seen,  and  vice  versd.  They 
can  both  be  seen  when  the  segmented  ring  occupies  an  inter- 
mediate position.  Generally  these  rings,  although  unbroken, 
show  six  slight  enlargements  at  regular  intervals,  evidently 
corresponding  to  the  six  segments  of  the  larger  ring.  In  some 
fibres  in  which  the  medullary  ring  broken  up  into  segments  lies 
beneath  the  primitive  sheath,  it  can  be  seen  by  careful  examina- 
tion that  the  six  segments  are  united  and  the  ring  so  completed 
by  a  thin  line  beneath  the  primitive  sheath.  All  these  various 
points  can  Ije  easily  made  out  by  examining  the  micro-photo- 
graph (Plate  LI.  fig.  3)  with  a  lens. 

The  usual  number  of  segments  in  a  ring  is  six,  but  occasion- 
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ally  a  greater  or  less  number  may  be  seen ;  for  instance,  five, 
seven,  or  eight.  Five  is  the  least  number  I  have  observed,  and 
then  it  is  nearly  always  evident  that  one  of  the  segments  has 
dropped  out  during  manipulation,  for  ^  space  much  larger  than 
usual  is  seen  between  two  of  the  segments,  the  remaining  spaces 
being  of  the  regular  size.  Fibres  showing  more  than  six 
segments  are  comparatively  rare,  and  in  some  of  these  the  extra 
segment  or  segments  are  in  a  different  plane  to  the  others,  and 
so  may  not  belong  to  the  same  structure  ;  a  possible  explanation 
of  this  will  be  given  later  in  discussing  the  network  mentioned 
above ;  in  some  sections  with  more  than  six  segments  one  or 
more  of  them  are  smaller  than  the  rest,  and  so  possibly  have 
been  formed  by  the  breakiug-up  of  an  ordinary  segment.  But 
probably  in  a  few  fibres  the  number  of  segments  may  be 
normally  greater  than  in  others,  and  such  fibres  seem  to  be 
those  of  greater  size. 

In  many  fibres,  especially  in  sections  of  moderate  thickness, 
the  segments  can  be  traced  by  focussing  up  and  down  from  the 
primitive  sheath  to  the  axis-cylinder,  to  which  they  converge. 
Thus  on  looking  at  a  section  of  a  fibre  focussed  for  the  peri- 
pheral part  of  the  segments,  a  broken  ring  is  seen  beneath  the 
primitive  sheath,  and  from  each  segment  of  the  ring  a  line 
getting  gradually  more  indistinct  can  be  traced  to  the  axis- 
cylinder  to  the  ring  surrounding  which  all  the  lines  converge. 

These  appearances  seen  in  cross-section  are  easily  explained 
by  reference  to  the  longitudinal  sections.  In  longitudinal 
section  each  fibre  was  seen  to  contain  a  chain  of  hollow  cones, 
each  cone  being  made  up  of  several  segments.  In  transverse 
sections  we  have  these  cones  cut  across  in  different  places. 
The  segments  of  the  rings  are  the  transverse  sections  of  the 
segments  of  the  cones,  and  the  varying  positions  of  the  ring  in 
relation  to  the  primitive  sheath  and  axis-cylinder  are  seen  to  I* 
due  to  the  different  places  in  which  the  cones  have  been  cut 
across.  When  a  cone  is  cut  across  at  its  base,  the  ring  lies 
immediately  beneath  the  primitive  sheath  ;  if  the  cone  is  cut 
across  near  its  apex,  then  the  ring  surrounds  the  axis-cylinder ; 
and,  lastly,  if  the  cone  is  cut  midway  between  base  and  apex, 
then  the  ring  seen  in  transverse  section  lies  midway  between 
the  axis-cylhider  and  the  primitive  sheath,  the  medullary  sub- 
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Fio.  4. — Diagram  of  relation  between  longitudinal  and  transverse  sections, 
showing  cones  cut  across  at  different  levels :  1,  at  base  of  cone  ;  2,  through 
middle  of  cone  ;  3,  through  apex  of  cone  ;  4,  through  intervnl  between  two 
cones.  In  1,  2,  and  3  the  cone  segments  and  protoplasmic  sheaths  are 
seen.  In  4  only  the  thin  protoplasmic  sheaths  beneath  primitive  sheath  and 
around  axis-cylinder  are  visible. 
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stance  lying  inside  and  outside  the  ring  being  unstained  except, 
perhaps,  a  faint  ring  beneath  the  primitive  sheath  or  around  the 
axis-cylinder.  Again,  if  the  section  happen  to  pass  through  the 
interval  between  two  cones,  the  segmented  ring  is  abeent,  and 
only  the  thin  unsegmented  rings  beneath  the  primitive  sheath 
and  around  the  axis-cylinder  are  to  be  seen.  These  rings 
correspond  to  the  continuous  sheaths  of  stainable  substance 
existing  in  these  situations,  and  described  in  longitudinal  section 
above. 

The  cones  and  other  stained  portions  must  chemically  be 
regarded  for  the  following  reasons  to  be  highly  protoplasmic. 

1.  They  are  readily  mordanted  and  stained,  the  stain  being 
with  difficulty  removed,  often  remaining  in  the  medullary 
sheath  when  completely  washed  out  from  the  axis-cylinder. 
This,  as  has  been  shown,  is  characteristic  of  substances  of 
high  metabolism,  such  as  a  highly  protoplasmic  structure 
would  be. 

2.  Nerve  contains  a  large  amount  of  proteids  (30-35  per  cent 
of  the  whole  solids),  and  since  the  axis-cylinder  occupies  but  a 
small  portion  of  the  total  bulk  of  a  fibre,  a  large  proportiou  of 
these  proteids  must  be  contained  in  the  medullary  sheath,  and 
presumably  as  protoplasm. 

3.  The  cones  cannot  be  composed  of  neuro-keratin,  since  this 
substance  would  not  be  stained  by  this  method — ^neuroglia,  for 
instance,  remaining  unstained.  The  quantity  of  neuro-keratin 
in  nerve  is  also  very  small  (0'3-0*6  per  cent.),  whereas  the  cones 
occupy  a  fair  amount  of  the  total  bulk  of  the  medullary  sub- 
stance. 

Differentiation  must,  of  course,  take  place  very  differently  in 
the  two  kinds  of  sections.  In  longitudinal  sections  the  differ- 
entiating fluids  have  to  penetrate  the  primitive  and  medullary 
sheaths  before  reaching  the  axis-cylinder,  which  is  therefore 
usually  well  stained  in  longitudinal  sections;  the  peripheral 
part  of  the  medullary  sheath,  will  be  more  liable  to  have  its 
stain  washed  out  than  the  central  part  near  the  axis-cylinder, 
hence  the  protoplasmic  layer  beneath  the  primitive  sheath  is 
usually  unstained;  the  cones  are  well  stained,  and  the  proto- 
plasmic layer  around  the  axis-cylinder  is  also  usually  well 
stained,  and  is   then  indistinguishable  from   the  axis-cylinder. 
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The  segments  of  the  cones  seem  to  hold  their  stain  longer  than 
any  other  part  of  the  fibre,  and  are  therefore  presumably  the 
most  highly  protoplasmic. 

In  cross-sections  the  differentiating  fluids  are  able  to  gain 
easier  access  through  the  cut  surfaces  to  all  parts  of  a  fibre  ;  and 
since  the  axis-cylinder  is  composed  of  tubular  fibrils,  the  fluids 
probably  penetrate  more  easily  into  its  midst  than  into  the 
medullary  sheath,  hence  the  fact  that  the  axis-cylinder  is  often 
unstained  in  transverse  sections.  The  peripheral  protoplasmic 
layer  is  not  now  more  exposed  to  the  fluids  than  the  other  parts 
of  the  sheath,  as  it  was  in  longitudinal  sections,  it  is  therefore 
more  readily  seen. 

The  structure  of  the  medullary  sheath,  as  revealed  by  these 
sections,  seems  to  be  as  follows : — 

The  protoplasmic  framework,  which  contains  the  myelin,  con- 
sists of,  firstly,  two  thin  layers,  one  beneath  the  primitive  sheath, 
the  other  around  the  axis-cylinder ;  these  sheaths  or  layers  seem 
to  be  continuous  at  the  nodes,  i.e.  the  peripheral  sheath  is 
reflected  there  on  to  the  axis-cylinder  to  form  the  central  sheath ; 
secondly,  of  a  chain  of  cones  connected  with  both  layers  of  pro- 
toplasm, the  base  of  a  cone  being  in  the  peripheral  layer,  the 
apex  in  the  central  layer,  each  cone  being  made  up  of  six  seg- 
ments placed  at  regular  distances  apart,  and  converging  from  the 
primitive  sheath  to  the  axis-cylinder. 

The  myelin  is  thus  contained  in  conico-cylindrical  segments, 
which,  however,  are  not  entirely  separated  from  one  another  by 
septae,  but  communicate  through  the  spaces  between  the  seg- 
ments of  the  cones.     These  segments  do  not  correspond  to  the 
medullary  segments   described   by  Schmidt   and  Lantermann. 
The  incisures  of  Schmidt  do  not  occur  in  the  situations  of  the 
cones,  but  in  the  highly  fatty  myelin  between  them,  which  is 
the  least  resistant  part  of  the  medullary  substance,  and  conse- 
quently the  part  most  likely  to  give  way,  either  when  the  fibre 
is  stretched  or  the  medullary  substance  shrinks  from  the  action 
of  reagents.     This  would  account  for  tlieir  great  variability  in 
number,  size,  and  direction,  since  rupture  would  not  necessarily 
take  place  in  every  space  between  the  cones,  or  in  the  same 
oblique  direction,  but  just  where  the  resistance  happened  to  be 
least. 
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The  cones  can  be  made  out  in  transverse  sections  of  spinal 
cord,  though  with  more  diflBculty,  possibly  the  absence  of  a 
primitive  sheath  altering  the  manner  of  differentiation.  Also 
less  supporting  framework  would  be  needed  in  the  central 
nervous  system,  where  each  fibre  is  closely  invested  by 
neuroglia. 

In  most  sections,  instead  of  having  only  the  cones  stained,  the 
fibres  show  a  network  which  is  probably  identical  with  that 
described  by  Kuhne  as  the  neuro-keratin  network,  but  which,  for 
reasons  mentioned  above,  is  more  probably  protoplasmic. 

The  network  does  not  stain  regularly  along  the  whole  length 
of  a  fibre,  but  appears  irregularly  broken  up  into  shorter  or 
longer  pieces,  which  alternate  with  places  where  the  network  is 
invisible,  and  in  which  one  or  more  cones  may  be  seen. 

The  network  produced  by  this  method  is  often  very  much 
more  regular  than  the  so-called  neuro-keratin  network  is 
described  to  be.  In  most  fibres  there  are  enlargements  at  the 
nodes  of  the  network.  Thus,  often  there  are  circles  of  dots  beneath 
the  primitive  sheath,  the  circles  occurring  with  fair  regularity; 
the  dots  are  connected  with  the  others  in  the  same  circle,  so 
completing  it,  and  they  are  also  connected  by  longitudinal  lines 
with  the  corresponding  dots  in  the  next  circles.  The  appear- 
ance given  is  that  of  a  network  with  long  rectangular  meshes 
having  enlargements  at  each  node.  The  number  of  enlarge- 
ments in  a  circle  is  often  the  same  as  the  number  of  segments 
in  a  cone — six  (Plate  LI.,  fig.  4). 

But  generally  the  meshes  are  more  irregular  than  this,  though 
still  having  enlargements  at  the  nodes.  In  other  fibres  the 
enlargements  are  absent,  the  strands  of  the  network  being 
everywhere  of  the  same  thickness. 

In  the  larger  fibres  the  network  is  more  likely  to  be  broken 
up  into  small  portions,  and  to  have  regular  meshes ;  while  in 
the  smaller  fibres  considerable  lengths  of  the  network  are  often 
stained,  the  meshes  being  very  irregular. 

The  nodes  of  the  network  may  in  transverse  sections  be  mis- 
taken for  the  segments  of  the  cones,  and  so  may  be  responsible 
for  the  extra  number  of  segments  when  these  appear  to  exceed 
six. 

This  network  I  believe  to  be  an  artificial  production.    It  cor- 
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responds  in  position  to  the  peripheral  protoplasmic  sheath,  and 
is  evidently  produced  from  that  by  the  action  of  reagents  or  by 
mechanical  injury.     This  layer  of  protoplasm  is  in  a  posftion 
where  it  is  very  liable  to  injury.     The  breaks  in  the  continuity 
of  the  network  correspond  in  position  and  other  features  with 
the  incisures  of  Schmidt,  which  seems  to  show  that  the  ruptures 
which  occur  there  involve  the  peripheral  protoplasmic  sheath 
also.    A  very  probable  explanation  of   the  formation  of   this 
network,  I  think,  is  that  it  is  not  a  precipitation  of  neuro-keratin 
by  the  action  of  alcohol  or  other  reagents,  but  the  result  of  the 
physical  forces  of  tension  and  cohesion  in  this  layer  of  semi- 
fluid protoplasm.     It  is  not  difficult  to  see  how  on  this  theory 
such  a  network  would  be  produced.    Starting  with  a  thin  homo- 
geneous layer  of  semi-fluid  substance,  such  as  protoplasm,  more 
or  less -adherent  by  one  surface  to  a  membrane,  the  primitive 
sheath,  it  is  clear  that  if  tension  was  produced  in  this  layer 
either  by  its  own  shrinkage  or  by  the  stretching  of  the  fibre 
as  a  whole,  a  point  would  be  reached  at  which  its  power  of 
cohesion  would  be  insufficient  to  keep  the  layer  intact,  and  it 
would  give  way  in  places  while  still  cohering  in  others,  thus 
forming  a  fenestrated  layer  or  network,  similar  to  the  cohesion 
figures  produced,  by  pouring  a  drop  of  oil  on  to  the  surface  of 
water.     If  the  shrinkage  still  continued  the  protoplasm  would 
tend  to  collect   in  small  masses  or  globules,  the  connection 
between  which,  i,e,  the  strands  of  the  network,  would  become 
sUghter  and  slighter.     Hence  the  particular  form  the  network 
would  take  in  any  particular  section  would  depend  to  a  large 
extent  upon  the  regularity  and  rapidity  with  which  the  harden- 
ing process  was  effected.     If  the  fibre  is  rapidly  fixed  and  pre- 
vented from  further  shrinking,  the  network  should  have  coarse 
strands  and  hardly  any  enlargement  of  the  nodes;  whereas  if 
hardening  has  taken  place  slowly,  the  nodes  should  be  markedly 
enlarged  and  the  strands  fine.     This  is  what  actually  occurs. 
It  is  also  found  that  the  network  is  most  easily  produced  by 
those  reagents,  such  as  absolute  alcohol,  formalin,  etc.,  which, 
by  attracting   water   from   the   protoplasm,   would    cause    its 
shrinkage;    and   in  sections,  e.g,  from  a  spinal  ganglion  har- 
dened in  this  way,  it  is  found  that  those  portions  of  the  fibres 
which  are  near  the  periphery,  and  therefore  more  intimately  in 
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coutact  with  the  hardening  fluid,  contain  networks,  while  those 
iD  the  interior  often  have  their  peripheral  protoplasmic  sheaths 
intact. 

The  network  I  believe  from  the  manner  of  its  staining  to  be 
protoplasmic,  and  not  to  be  composed  of  neuro-keratin,  as  is 
usually  held.  The  only  evidence  in  favour  of  the  latter  view  is 
the  great  resistance  the  network  shows  to  digestive  fluids,  but 
nuclein  also  possesses  this  character,  and  would,  in  fact,  be  in- 
distinguishable micro-chemically  from  neuro-keratiu.  It  is  far 
more  reasonable,  then,  and  more  in  accordance  with  modem 
ideas  of  the  chemistry  of  the  cell,  to  hold  the  view  that  the 
network  is  protoplasmic,  and  therefore  must  contain  a  large 
amount  of  nucleo-proteids ;  during  digestion  the  proteid  portion 
would  be  destroyed,  leaving  an  insoluble  residue  of  nucleiu. 


Conclusions. 

1.  The  medullary  sheath  examined  by  the  Weigert-Pal  method 
consists  apparently  of  two  parts — myelin  and  a  supporting 
framework. 

2.  The  latter,  as  seen  in  sections  prepared  by  the  Weigert- 
Pal  method,  probably  consists  of  two  thin  protoplasmic  sheaths, 
one  beneath  the  primitive  sheath,  the  other  surrounding  the 
axis-cylinder;  and  of  a  chain  of  hollow  cones  with  their  bases 
in  the  peripheral  protoplasmic  sheath  and  their  apices  in  the 
central  sheath. 

3.  Each  cone  is  composed  of  six  segments,  placed  at  regular 
distances  apart,  and  converging  from  the  primitive  sheath  to  the 
axis-cylinder. 

4.  These  cones  are  apparently  protoplasmic  in  nature. 

5.  The  neuro-keratin  network,  as  usually  described,  is  probably 
artificially  produced  from  the  protoplasmic  layer  beneath  the 
primitive  sheath.  This  network  may  not  be  composed  of  neuro- 
keratin but  of  protoplasm;  its  resistance  to  digestive  fluids 
being  due  to  the  contained  nuclein. 

6.  The  incisures  of  Schmidt  or  Lantermann's  slits  may  be 
ruptures  in  the  medullary  substance  between  the  cones. 
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The  above  conclusions  agree  in  substance  with  the  description 
given  by  Bolton  in  the  paper  previously  referred  to,  and  are  to 
be  considered  as  the  preliminary  results  of  a  more  extended 
investigation  in  which  I  am  at  present  engaged. 

In  conclusion,  I  have  gratefully  to  acknowledge  the  very 
valuable  advice  and  criticism  received  from  Dr  J.  S.  Bolton. 
I  am  also  indebted  to  him  for  the  preparation  of  the  excellent 
micro-photographs  which  accompany  this  paper. 


UNUSUAL  AERANGEMENT  OF  THE  REKAL  PORTAL 
VEIN  IN  THE  FROG  (Sana  temporaria).  By  Thomas 
W.  Shore,  M.D.,  B.Sc,  Lecturer  an  Biology  and  Comparatm 
Anatomy  to  St  Bartholomew's  HospUal  and  College. 

The  specimen  which  forms  the  subject  of  this  note  occurred  last 
year  in  the  ordinary  course  of  practical  work  in  my  laboratory, 
and  my  attention  was  called  tx)  it  by  one  of  my  pupils.  The 
specimen  appears  to  throw  some  doubt  on  the  currently  accepted 
view  of  the  development  of  the  renal  portal  veins,  and  for  this 
reason  I  now  describe  it.  The  drawing  given  below  will  afford 
a  fair  idea  of  the  arrangement  which  was  present.  The  animal 
was  a  well-developed  male  specimen  of  Bana  temporaria.  On 
the  right  side  the  renal  portal  vein  was  normal  in  position  and 
extent,  and  the  renal  and  spermatic  veins  opening  into  the  post- 
caval were  arranged  in  the  usual  way.  On  the  left  side,  how- 
ever, instead  of  the  renal  portal  vein  terminating  in  the  normal 
way  along  the  outer  border  of  the  kidney,  it  was  continued 
forwards  in  close  apposition  to  the  kidney,  curving  round  its 
anterior  end  as  a  large  vessel  to  open  directly  into  the  post-caval 
vein  at  a  level  with  the  anterior  end  of  the  testis.  On  the  right 
side  the  renal  portal  received  only  one  dorso-lumbar  vein,  but  on 
the  left,  it  and  its  abnormal  continuation  into  the  post-caval 
received  altogether  four  lumbar  veins.  The  most  anterior  of 
these  was  slender,  and  was  traced  to  the  foramen  between  the 
fifth  and  sixth  vertebrae,  and  terminated  in  the  abnormal  vein 
near  the  most  anterior  part  of  the  kidney.  The  next  was  con- 
siderably larger,  was  traced  forwards  to  the  foramen  between  the 
sixth  and  seventh  vertebrae,  and  similarly  ended  in  the  abnormal 
prolongation  of  the  renal  portal.  The  other  two  lumbar  veins 
occupied  the  positions  in  which  the  dorso-lumbar  veins  are 
usually  found.  Just  before  its  junction  with  the  post-caval,  the 
abnormal  vein  received  the  left  anterior  renal  and  spermatic 
vein,  with  prominent  tributaries  from  the  fatty  body ;  and  its 
entrance  into  the  post-caval  was  at  the  level  of  the  anterior  renal 
and  spermatic  vein  of  the  right  side.     There  was  no  marked 
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difference  in  the  size  o!  any  of  the  organs  of  the  left  side  aa 
compared  with  the  right,  and  although  of  necessity  a  consider- 
able part  of  the  blood  conveyed  by  the  left  renal  portal  would 
flow  ou  into  the  post-caval  without  traversing  the  capillaries  of 
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k.  kidney  ;  (.  testis  ;  f.b.  fatty  body  ;  ».  ureter  ;  vta.  stm.  Tesicula  Mminalis  ; 
p,c.v,  post-caT»l  rein;  r.p.v.  ren»]  portal  vein;  x.v,  sciitic  vein;  f.v. 
femoral  vein  ;  p.v.  pelvic  vein  ;  r.n.  abQonilal  velD  connecting  the  left  renal 
portal  vith  the  postcaval,  l.d.  1,  first  left  lumbar  vein  ;  l.d.  2,  Becond  left 
luinbHr  vein  ;  l.d.  3,  Id.  i,  third  and  fourth  left  lumbar  veins. 

the  kidney,  this  organ  presented  no  apparent  abnormality,  and 
the  left  renal  veins  were  not  obviously  smaller  than  the  right. 

The  chief  interest  attached  to  this  specimen  lies  in  the  inter- 
pretation which  is  to  be  assigned  to  it,  in  view  of  the  develop- 
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ment  of  the  poBt^saval  and  renal  portal  systems.  Most  of  our 
knowledge  of  the  development  of  these  vessels,  both  in 
Amphibia  and  Fishes  and  in  Man  and  Mammals,  ie  due 
to  Hochstetter.^  During  the  early  stages  of  tadpole-life,  the 
main  veins  of  the  posterior  part  of  the  body  are  the  paired 
posterior  cardinals.  These  are  formed  in  special  relation  to 
the  pronephros,  which  in  the  frog  is  a  well-developed  func- 
tional organ  during  early  tadpole-life.  At  this  stage  the 
anterior  parts  of  the  posterior  cardinal  veins  are  very  large 
and  dilated,  and  almost  surround,  as  a  vascular  network 
the  pronephros  with  its  three  nephrostomes  and  glomerulus. 
Tlie  posterior  parts,  however,  are  more  slender,  and  receive  a  tew 
somatic  veins  from  the  hinder  part  of  the  body  wall.  Later  on 
they  receive  the  iliacs,  and,  it  is  said,  approximate  to  one  another 
and  unite.  The  posterior  cardinals  are  certainly  very  prominent 
vessels,  and  are  perhaps  best  seen  in  sections,  a  little  posterior 
to  the  heart  in  tadpoles,  from  10  to  14  mm.  in  length,  and 
continue  to  be  well  developed  as  long  as  the  pronephros 
remains  functional.  Shortly  after  the  establishment  of  the 
posterior  cardinals,  the  post-caval  vein  begins  to  form,  and  in  its 
origin  is  quite  independent  of  the  cardinals.  In  a  tadpole, 
10  to  12  mm.  in  length,  the  post-caval  is  a  distinct  vessel,  which 
can  be  traced  backward  near  the  middle  line,  from  the  sinus 
venosus  in  close  apposition  to  the  left  dorsal  surface  of  the  liver, 
from  which  it  receives  the  hepatic  veins,  towards  the  rudiments 
of  the  mesonephros,  from  which  it  shortly  receives  some  small 
renal  veins.  At  this  level  it  is  said  to  become  continuous  with 
the  two  posterior  cardinals,  which  are  believed  to  unite  together 
to  form  the  lower  part  of  the  adult  post-caval.  For  a  time, 
apparently,  the  blood  from  the  lower  parts  of  the  body  can  return 
by  either  the  cardinals  or  the  post-caval,  but  gradually  the 
current  seems  to  become  more  and  more  diverted  into  the  post- 
caval, by  the  gi^adual  dwindling  of  the  anterior  parts  of  the 
cardinals,  as  the  pronephros  becomes  more  and  more  degenerate, 
until  during  metamorphosis  the  anterior  parts  of  the  posterior 
cardinals  disappear  entirely.     The  foregoing  is  a  summary  ot 

*  Hochstetter,  F. — "Beitrage  zur  vergleichenden  Anatomie  und  Entwick- 
langsgeschichte  des  Yenensystems  der  Amphibien  und  Yidchc^—Morphol. 
Jahrbuch.  xiti.,  1888. 
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what  is  currently  taught  of  the  podt-ccival  and  poeterior  cardinab 
in  Amphibia. 

There  is  no  doubt,  according  to  Hochstetter,^  that  the  post- 
caval vein  in  Man  and  Mammals  is  formed  in  two  flections — an 
anterior  part  as  far  back  as  the  renal  veins  developed  in- 
dependently, and  a  posterior  section  formed  from  the  right 
posterior  cardinal  vein.  The  left  posterior  cardinal,  on  the  other 
hand,  ultimately  disappears  from  the  level  of  the  renal  veins 
backward.  Apparently,  then,  there  is  some  difference  between 
the  ultimate  fate  of  the  hinder  parts  of  the  posterior  cardinals 
in  Amphibia  as  compared  with  Mammals.  This  difference  may 
not,  of  course,  in  reality  exist,  and  I  rather  suBpeot  that  no  part 
of  the  post-caval  in  the  frog  is  formed  from  the  posterior 
cardinals. 

The  most  probable  explanation,  I  think,  of  the  abnormal 
vein  in  the  specimen  in  question  is  that  it  is  a  persistent 
part  of  the  left  posterior  cardinal  vein,  which  normally  dis- 
appears during  the  later  parts  of  larval  life.  If  this  inter- 
pretation be  correct,  it  would  follow  that  the  greater  part,  if  not 
the  whole,  of  the  left  renal  portal  vein  is  formed  from  the  lower 
end  of  the  left  posterior  cardinal ;  and  if  this  is  the  case,  it  seems 
to  me  most  probable  that  the  right  renal  portal  vein  is  similarly 
formed  from  the  right  posterior  cardinal,  and  that  unlike  the 
arrangement  in  Mammals  no  part  of  the  post-caval  is  developed 
out  of  either  of  the  cardinals. 

On  the  other  hand,  it  is  generally  taught  that  the  renal 
portals  are  developed  at  a  later  stage  than  the  post-caval  and 
quite  independently  of  the  posterior  cardinals  by  an  antero- 
posterior anastomosis  of  some  of  the  lumbar  or  vertebral  veins. 
In  the  light  of  the  specimen  under  consideration,  I  feel  that  this, 
the  currently  accepted  view  of  the  development  of  the  renal 
portals,  is  improbable,  and  that  these  veins  are  in  reality  the 
persistent  hinder  parts  of  the  posterior  cardinals.     In  favour  of 

^  Hochstatter — '^Boitiiige  znr  Entwicklungsgeschichte  des  Venensystems  der 
Amnioten,*'  MoiylwL  Jahrhuch,  xiii.,  1888.  See  also,  by  the  same  author: 
"Ueber  die  Bildung  der  hinteren  Hohlvene  bei  den  Sangethieren,"  AnM, 
Anzeiger,  1887,  p.  617  ;  also  **  Ueber  den  Einfluss  der  Entwicklung  der  bleiben- 
den  Nieren  auf  die  Lage  des  Urnierenabschnittea  der  hinteren  cardinalvenen," 
Anat,  Anzeiger,  1888  ;  also  "  Ueber  das  Gekrose  der  hinteren  Hohlvene,"  A7K(it. 
Anzeiger,  1888. 
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this  view,  the  following  facts  and  arguments  should  be  borne  in 
mind : — 

1.  In  the  frog,  as  in  Man  and  Mammals,  the  iliac  and  somatic 
lumbar  veins  at  an  early  stage  directly  join  the  posterior 
cardinals. 

2.  In  Man  and  Mammals,  the  iliacs  and  somatic  lumbar 
veins  eventually  become  connected  with  the  post-caval,  by  the 
conversion  of  that  part  of  the  right  posterior  cardinal  which  lies 
behind  the  renal  veins  into  the  posterior  section  of  the  post- 
caval. 

3.  In  the  frog,  the  post-caval  vein  does  not  eodend  backwards 
beyond  the  renals,  and  the  iliacs  and  lumbars  do  not  in  the  adult, 
or  indeed  at  any  period,  open  into  it. 

4.  In  the  frog,  the  iliacs  in  the  adult  are  continuous  with  the 
renal  portals,  which  receive  also  the  somatic  lumbara  as  the 
posterior  cardinals  do  in  the  embryo. 

Bearing  in  mind  these  facts,  I  am  distinctly  of  opinion  that 
the  currently  accepted  view  of  the  development  of  the  renal 
portals  is  improbable,  for  it  seems  to  me  extraordinary  that  new 
antero-posterior  anastomosis  of  the  somatic  lumbar  veins  should 
be  formed  and  should  then  acquire  a  connection  with  the  iliacs, 
when  these  vessels  already  have*  longitudinal  communication 
through  the  posterior  cardinals  into  which  they  open.  I  am 
doubtful  also  of  the  statement  that  in  the  frog  the  posterior 
parts  of  the  posterior  cardinals  persist  as  the  hinder  section  of 
the  post-caval.  On  the  other  hand,  the  statement  that  the  post- 
caval becomes  connected  in  embryonic  life  with  the  posterior 
cardinals  in  the  neighbourhood  of  the  developing  mesonephroe, 
as  it  does  in  Mammals,  is  probably  correct.  In  fact  my  specimen 
seems  to  indicate  that  this  is  so,  and  that  the  abnormal  vein  in 
question  is  the  persistent  connection  of  the  left  posterior  cardinal 
with  the  post-caval,  the  corresponding  connection  of  the  right 
side  having  disappeared  in  the  normal  way. 

To  settle  the  point,  I  have  begun  an  examination  of  sections 
.  of  frog  tadpoles,  but  have  not  yet  studied  a  sufficient  number  of 
stages  to  decide  exactly  how  the  renal  portals  are  developed. 
These  additional  stages,  I  hope  to  obtain  shortly. 


NOTES  ON  THE  DISSECTION  OF  TWO  CLUB  FEET. 
By  R  Tait  M*Kknzie,  B.A.,  M.D.,  Demonstrator  of 
AruUomy,  MGUl  University,  Montreal. 

The  two  specimens  described  in  this  paper  were  taken  from  a 
young  adult  male  subject,  suffering  from  double  congenital 
talipes  equino-varus. 

The  deformity  was  almost  exactly  similar  in  both  feet,  so  that 
it  was  decided  to  leave  intact  the  tendons,  ligaments,  and 
muscles  in  one,  while  the  other  was  completely  dissected,  in 
order  that  the  bony  changes  could  be  more  completely  studied 
and  clearly  seen.  Both  feet  were  in  extension,  with  inversion 
and  marked  rotation  inward.  The  dorsal  surface  was  convex, 
and  the  weight  of  the  body  was  supported  principally  by  the 
base  of  the  fifth  metatarsal  and  the  external  tubercle  of  the 
06  caleis. 

On  removing  the  skin  and  superficial  fascia,  the  anterior 
anuular  ligament  was  found  strongly  developed;  the  external 
annular  ligament  was  scarcely  to  be  seen,  while  the  internal 
annular  ligament  presented  an  upper  border,  sharply  concave, 
and  a  lower  border  giving  extensive  attachment  to  the  abductor 
hallucis,  as  seen  in  figure  1,  B.  The  plantar  fascia  was  contracted 
and  crossed  by  transverse  bands,  and  the  muscles  of  the  first 
layer  were  widely  separated.  The  flexor  brevis  digitorum  was 
atrophied,  and  had  three  tendons  only. 

In  the  second  layer  the  accessorius  had  only  one  origin,  the 
external,  and  its  fibres  ran  almost  directly  across  the  foot  in 
the  effort  to  retain  the  displaced  tendon  of  the  flexor  longus 
digitorum. 

All  the  muscles  of  the  leg  were  atrophied.  The  tendo  Achillis 
on  section  was  not  larger  than  a  split  lead  pencil,  and  was 
attached  to  the  upper  and  outer  border  of  the  posterior  surface 
of  the  OS  caleis,  the  direction  of  its  pull  being  such  as  to  con- 
stantly increase  the  internal  rotation  of  the  bone  about  its 
centre. 
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The  tendon  of  the  tibialis  posticus  deeply  grooved  the  tibia 
in  the  normal  position,  and  spread  out  into  a  fiat  fibro-carti- 
laginous  plate  like  an  inter-articular  fibro-cartilage,  between  the 


Fxo.  1. 


internal  malleolus  and  the  scaphoid ;  from  this  disc,  faflciculi 
were  given  off  to  the  scaphoid,  cuboid,  the  three  cuneiforms,  and 

to  the  OS  calcis  through  the  short  plantar  ligament. 
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The  tendon  of  the  flexor  longus  digitorum  was  displaced  in- 
wards toward  the  internal  malleolus,  while  that  of  the  flexor 
longus  hallucis  followed  the  displaced  os  calcis  to  whioh  it  was 
bound  in  a  deep  grove  by  its  sheath.  It  did  not  groove  the 
astragalus,  and  when  in  action  tended  to  spring  away  from  the 
bone. 

The  vessels  and  nerves  occupied  a  position  one-third  of  the 
way  from  the  tuberosity  of  the  os  calcis  to  the  internal  malleolus. 

The  peroneus  longus  lay  in  a  deep  groove  in  the  os  calcis, 
going  directly  from  that  bone  to  its  insertion  in  the  base  of  the 
firQt  metatarsal  only,  without  coming  in  relation  with  the  cuboid 
at  alL  As  it  turned  beneath  the  os  calcis,  it  sent  a  slip  to  the 
flexor  brevis  minimi  digiti  and  the  interossei  of  the  fourth  space. 
The  peroneus  brevis  also  grooved  the  os  calcis,  and  was  inserted 
into  the  base  of  the  fifth  metatarsal  bone  without  coming  into 
relation  with  the  cuboid.  The  tibialis  anticus  grooved  the 
internal  surface  and  the  mid  line  of  the  internal  malleolus,  and 
was  inserted  without  coming  into  relation  with  the  navicular. 

The  extensor  longus  digitorum  was  norma),  the  brevis  atro* 
phied. 

The  lateral  ligaments  of  the  ankle  were  atrophied,  and  the 
external  malleolus  articulated  with  the  os  calcis.  The  internal 
articulated  with  the  navicular. 

The  tarsal  ligaments  of  the  dorsum  were  well  developed, 
though  stretched,  as  can  be  well  seen  by  reference  to  the  speci- 
men. 

The  long  plantar  ligament  could  not  be  made  out;  the  short 
plantar  was  almost  normal,  and  the  calcaneo-navicular  was 
absent,  the  head  of  the  astragalus  being  supported  by  the  os 
eakis  directly.  The  interosseous  ligament,  between  the  os  ealois 
and  the  astragalus,  was  also  replaced  by  fat. 

The  lower  third  of  the  tibia  is  round  in  section,  and  the 
crest  is  absent.  The  internal  malleolus  ia  blunt,  and  has  a 
smooth  facet  inferiorly  for  articulation  with  the  navicular.  The 
external  malleolus  is  also  blunt,  and  articulates  directly  with  the 

06  calcis. 

The  astragalus  was  strongly  extended,  and  rotated  inward. 
The  bone  is  flattened  from  above  downward,  the  superior  facet 
extendins  backward  and  ending  in  a  sharp  edge  at  the  border 
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of  the  inferior  surface.  The  posterior  surface  is  thus  absent. 
On  the  inferior  surface,  the  posterior  facet  only  is  present  for 
articulation  with  the  os  calcis.  The  interosseous  groove  is 
absent.  The  head  and  neck  form  an  angle  of  sixty  degrees  with 
the  body. 

The  OS  calcis  is  also  flattened  from  above  downward.  Its  ex- 
ternal surface  is  convex  from  before  backward  and  deeply 
grooved  for  the  peroneal  tendons.  The  external  tubercle  pro- 
jects outward,  and  is  very  prominent ;  the  posterior  surface  is 
long  from  above  downward  and  very  narrow ;  it  is  directed 
backward  and  inward.  The  tendo  Achillis  is  attached  to  its 
upper  and  outer  border,  the  anterior  surface  looks  inward,  and 
articulates  with  the  cuboid  only,  although  it  is  in  contact  with 
the  fifth  metatarsal. 

The  superior  surface  is  narrow  behind ;  the  interosseous 
groove  not  discernible,  and  the  posterior  facet  is  large,  with  loDg 
diameter  forward  and  inward ;  it  is  fused  with  the  inner  part 
of  the  anterior  facet,  the  outer  part  being  absent.  The  anterior 
part  of  the  bone  was  directly  beneath  the  astragalus,  which  it 
supported. 

The  inferior  surface  is  short  antero-posteriorly,  being  almost 
as  broad  as  it  is  long.  The  sustentaculum  tali  is  represented 
by  a  rounded  tubercle  separated  from  another  directly  behind 
it  by  a  groove  in  which  lies  the  tendon  of  the  flexor  longus 
hallucis. 

The  navicular  has  its  long  axis  directed  from  before  backward 
and  downward,  the  tubercle  is  flattened,  and  articulates  with  the 
internal  malleolus,  being  in  a  direct  line  with  it. 

The  cuboid  was  displaced  inward,  and  is  flattened  from  before 
backward;  its  superior  surface  is  piaominently  convex;  the 
external  surface  is  represented  only  by  a  ridge;  the  inferior 
surface  is  very  small,  and  shows  a  sharp  tuberosity,  but  no  ridge 
and  groove  for  the  peroneus  longus. 

The  metatarsal  bones  present  no  alteration  except  the  fifth, 
which  has  a  very  long  tubercle,  the  increased  size  being  due  pro- 
bably to  the  irritation  of  the  body- weight  which  it  had  to  CArry. 

To  sum  up  these  changes,  we  find  that  the  main  deformity  is 
at  the  ankle  and  mid-tarsal  joints,  and  consists  at  the  latter  of 
a  subluxation  of  the  bones  of  th^  second  row  around  the  head 
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of  the  astragalus,  thereby  rotating  inward,  and  inverting  the 
front  part  of  the  foot.  At  the  ankle  joint,  the  deformity  con- 
sists principally  of  extreme  extension  of  the  astragalus  and 
oscalcis. 

The  two  bones  most  affected  are  the  astragalus  and  the 
08  calcis. 

In  the  normal  adult  astragalus,  the  angle  at  which  the  neck 
joins  the  body  is  about  thirteen  degrees,  measured  as  in  the 
drawing  (fig.  2,  A).     In  this  case  the  angle  is  sixty  degrees,  as 


Fk;.  2. 

seen  in  fig.  2,  B,  besides  the  downward  deflection.  This  pre- 
sents an  insuperable  obstacle  to  the  replacing  of  the  foot.  The 
effect  of  these  bony  changes  is  seen  in  the  dislocation  of  the 
tendon  beds,  or  the  dislocation  of  the  bones  and  tendons  may 
have  occurred  at  the  same  time,  each  increasing  the  other. 

The  generally  accepted  theory  as  to  the  cause  of  this  con- 
genital deformity  is   malposition   during  foetal   life,  while  its 
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iDoraaae  after  birth  ib  aooountod  for  hy  the  pulliog  of  tbe  teu- 
doDS  in  faulty  directions  on  the  displaced  bones,  and  later  on, 
the  weight  of  the  body  in  walking  and  standing. 

To  go  further  back  even  than  these  causes,  we  may  find  an 
explanation  in  a  reversion  to  the  simian  type. 

In  the  quadrumana,  the  ability  to  invert  the  foot  is  very 
marked  at  birth,  and  remains  throughout  life ;  and  on  examin- 
ing the  aetragalus  of  an  adult  chimpanzee,  we  find  as  normal 
the  condition  found  in  tha^  from  a  talipetic  human  foot,  viz. — 


great  obliquity  of  the  neck  to  the  body.  In  this  drawing  (fig: 
3,  D),  t*ie  angle  ia  about  forty  degrees.  In  the  foetus  at  fnll  term, 
the  angle  is  usually  about  thirty  five  degrees,  while  in  the  draw- 
ing fig.  3,  C,  it  is  only  thirty  degrees.      In  the  human   asln- 
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galus  the  angle  is  gradually  lessened  up  to  the  normal  adult 
extent  of  twelve  degrees,  by  the  continual  eversion  caused  by 
walking  and  standing.  As  the  bones  become  ossified  and  the 
ligaments  set,  the  power  of  inversion  beoomes  more  and  more 
limited.  In  talipes  this  power  becomes  increased  and  the  foot 
fixed  in  this  position  by  the  contraction  of  the  ligaments  and 
the  moulding  of  the  bones  from  pressure  in  standing  and 
walking. 

As  talipes  is  more  frequently  found  in  foetuses  having  other 
signs  of  imperfect  development,  such  as  spina  bifida,  cleft  palate, 
and  in  monsters,  this  theory,  which  was  first  worked  out  by  Parker 
in  1887,  is  plausible  for  the  great  majority  of  cases,  and  if  not 
conclusive,  is  at  least  in  accord  with  the  accepted  views  on 
eyoltttion. 


TENTH  REPORT  ON   RECENT  TERATOLOGICAL  LITEM- 
TURE.      By   Bertram  C.    A.  Windlb,  D.Sc,   M.D.,  F.RS, 

Professor  of  Anatomy  in  Mason  University  College,  Binningham. 

[The  author  of  this  report  will  feel  greatly  obliged  if  writere  on  teratological 
subjects  will  supply  him  with  teprints  of  their  papers  for  use  in  the  preparation 
of  future  reports.] 

I.  Experimental. 

Bbrtacchini  (i.)  in  his  paper  deals  with  the  question  as  to  the  pait 
played  by  the  blastoporic  rim  in  the  development  of  the  embryo,  and 
has  experimented  on  the  ova  of  Rana  esculenta,  the  blastoporic  rim  of 
which  he  punctured  at  various  points  with  a  red-hot  needle.  His  con- 
clusions are  as  follows  : — (a)  All  the  rim  of  the  blastopore,  when  it  has 
a  diameter  not  greater  than  ^  mm.,  is  embryogenic.  Its  anterior, 
lateral,  and  posterior  regions  form  the  cephalic,  lateral,  and  caudal 
regions  of  the  neural  laminae.  Its  right  side  corresponds  to  the  right 
medullary  fold,  its  left  to  the  left,  the  middle  of  the  dorsal  lip  to  the 
cephalic  point  of  union  of  the  folds,  and  the  middle  of  the  ventral  lip  to 
the  region  of  the  neurenteric  canal,  (b)  A  lesion  of  the  anterior  region 
of  the  rim  stops  the  formation  of  the  cephalic  part  of  the  neural  crest, 
but  does  not  aflect  the  development  of  its  caudal  portion,  which  seems 
to  show  that  the  cephalic  portion  does  not  exercise  any  effect  upon  the 
progress  of  the  remaining  part,  (e)  A  lesion  of  the  middle  of  the  ven- 
tral lip  of  the  blastopore  produces  a  caudal  spina  bifida,  and  alters  the 
region  of  the  neurenteric  canal,  but  does  not  modify  the  formation  of 
the  dorsal  and  cephalic  zone,  nor  appreciably  affect  the  increase  in 
length  of  the  embryo.  From  this  we  may  conclude  that  no  zones  of 
accretion,  from  which  new  metameres  are  formed  from  behind  for- 
wards, exist  in  this  situation,  (d)  These  experiments  seem  to  bear  out 
the  concrescence  theory  of  His.  O.  Hbrtwig  (ii.)  has  a  paper  on  the 
effect  of  centrifugal  force  on  the  development  of  the  ova  of  Rana. 
The  tubes  containing  the  ova  were  fixed  along  bars,  so  as  to  be  capable 
of  rotation  through  circles  with  radii  varying  from  14  to  40  cm. 
When  the  centrifugal  force  was  exerted  to  a  moderate  extent  upon 
the  ova  of  Rana  escidenfa,  the  lighter  and  heavier  portions  of  the  ova 
became  sharply  separated  from  one  another,  and  the  process  of  segmen- 
tation was  confined  to  the  animal  pole.  In  further  process  of  segmen- 
tation the  ovum  departed  widely  from  its  normal  type,  dividing  rather 
mero-  than  holoblastically.  The  effect,  then,  of  the  centrifugal  force 
is  to  change  entirely  the  character  of  the  fission-  The  ovum  is  divided 
into  unsegmented  yolk,  forming  from  J  to  §  of  the  whole,  and  an 
overlying  embryonic  area  with  segmentation  cavity.  The  resemblance 
to  the  meroblastic  ovum  is  pushed  so  far  that  under  this  area  a  special 
sheet  of  merocytes,  a  yolk  syncytium,  is  formed.     Barfurth  (iii.) 
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states  that  the  catula  bifida  of  amphilnan  larvx  can  be  produced  by 
woandiog  the  notochord  of  the  tail.     The  wounded  part  continues  to 
grow,  but  at  the  site  of  the  wound  a  second  tail  is  formed  by  regenera- 
tire  budding.     Each  tail  encloses  a  notochord,  caudal  artery,  striped 
muscle,  and,  as  a  rule,  a  spinal  cord.     The  latter  is  connected  only  in 
the  dorsal  limb  with  the  persistent  spinal  cord,  out  of  which  it  has 
been  formed  by  regeneration.     The  spinal  cord  of  the  ventral  limb 
of  the  tail  is  the  peripheral  portion  of  the  original  spinal  cord,  sepa- 
rated by  the  operation.     This  portion  continues  to  grow  in  a  normal 
manner.    Thus  the  condition  of  cauda  bifida  is  not  a  form  of  incom- 
plete double  monstrosity,  nor  does  it  depend  upon  the  formation  of 
the  tail  from  right  and  left  anlagen,  but  is  an  independent  phenomenon 
of  regeneration  set  up  after  an  injury.     The  same  writer  (iv.)  describes 
in  another  paper  a  remarkable  larva  of  Petromyzon  which  had  three 
tails,  each  containing  a  spinal  cord,  a  notochord,  and  a  caudal  artery, 
as  also  myomeres  and  integument.     From  the  experiments  detailed  in 
his  first  paper  he  thinks  that  two  of  these  tails  arose  as  the  result  of  a 
regenerative  process  after  some  peculiar  injury.     F£r6  (v.)  has  tried 
the  experiment  of  incubating  eggs  which  had  been  exposed  to  the 
vapour  of  alcohol.     The  result  was  retarded  development  and  the  pro- 
duction of  malformations.     A  period  of  rest  between  the  exposure  to 
the  vapour  and  the  incubation  seemed  rather  to  increase  the  number 
of  malformations  than  to  diminish  it.     Sometimes,  however,  in  these 
eggs  embryos  have  been  found  in  a  more  advanced  state  of  develop- 
ment than  those  in  the  control  eggs,  a  new  example  of  the  tendency 
to  variation,  which  shows  itself  at  one  time  in  precocity,  at  another  in 
delay,  or,  again,  in  malformations,  always  under  the  influence  of  the 
same  disturbing  factor. 

II.  General. 

CoRONADO  (vi.)  narrates  a  case  of  a  hemi-edromelic  fcetus  with 
eventration  and  anencephaly,  the  defects  in  which  he  traces  to 
the  fact  that  during  her  pregnancy  the  mother  was  at  Manzanillo 
whilst  that  place  was  being  subjected  to  bombardment.  Lewis  (vii.) 
deals  with  this  subject  of  maternal  impressions  in  an  essay  in  which 
he  considers  a  number  of  cases  which  have  been  put  forward  as  prov- 
ing its  existence.  He  dismisses  the  hypothesis  as  contrary  to  scientific 
evidence,  and  unnecessary.  Koller  (viii.)  narrates  a  case  of  complete 
transposition  of  the  viscera  in  a  female  aged  31,  whose  early  history 
was  unfortunately  unknown :  the  right  lung  had  two  lobes,  the  left 
four;  the  heart  and  its  chambers  were  fully  reversed.  The  liver, 
which  was  very  large,  lay  to  the  left,  and  the  spleen  and  stomach  to 
the  right.  The  uterus  and  ovaries  were  normal.  In  his  thesis  the 
author  considers  the  relation  of  this  condition  to  double  monstrosity, 
and  points  out  it  is  not  a  constant  accompaniment  of  duplicity,  as 
Forster  thought.  He  discusses  the  question  of  double  monstrosity 
generally,  and  concludes  that  it  may  arise  (a)  as  a  result  of  an  abnor- 
mal quality  of  the  sex-products,  whether  ovum  or  spermatozoon ;  or 
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ib)  through  external  influences  on  the  sex-products  during  or  after 
ertilisation.  These  external  agencies  lead  most  commonly  to  poly- 
spermia, and  thence  to  the  production  of  multiple  forms.  Lamouboux 
(ix.)  gives  an  account  of  a  pseudencephalous  foetus  in  which  there  was 
also  complete  transposition  of  the  viscera,  Barbarin  and  Dbvi6  (x.) 
give  an  account  of  an  infant  with  ectopia  vesicas  and  other  malfor- 
mations, hy  far  the  most  important  of  which  was  an  anterior  fissure  of 
the  vertebral  cx)lumn.  The  cleft,  which  also  affected  the  posterior 
aspect  of  the  column,  existed  in  the  fourth  and  fifth  lumbar,  and  all 
the  sacral  vertebrae.  Fibrous  bands  passed  acl-oss  the  anterior  fissure 
and  prevented  the  exit  of  any  rachidian  fluid.  Dol^ris  (xi.)  adds  a 
tenth  to  the  recorded  cases  of  sjnna  bifida  co-existing  with  prolapmi 
uteri.  There  was  also  talipes  equino-varus.  When  the  child  cried,  the 
cervical  portion  of  the  uterus  protruded  from  the  vulva.  The  bladder 
was  in  its  normal  position.  (See  the  eighth  of  these  Reports,  No.  xUl) 
Bbrtaochini  (xii.)  has  a  long  and  interesting  paper  on  an  embryo  of 
six  weeks,  which  had  anencephaly  and  lumbo-sacral  spina  bifida.  No 
eyes  nor  ears  were  visible.  The  relation  of  the  defects  to  the  question 
of  the  formation  of  the  foetus  from  the  rim  of  the  blastopore,  as  alluded 
to  in  the  notice  of  another  paper  by  the  same  author,  is  discussed. 
JoHANNBSSBN  (xUi.)  deals  with  the  subject  of  cJiondrorhjstrophiafoetaliSf 
a  condition  which  has  been  alluded  to  in  previous  reports.  The  infant 
in  this  case  survived  two  months,  a  rather  unusual  occurrence.  The 
epiphyses  of  the  long  bones  were  much  swollen  and  deformed.  A 
description  of  the  microscopic  condition  of  the  epiphysial  cartilages 
is  given.  The  condition,  the  author  agrees  with  other  authorities,  has 
nothing  to  do  with  foetal  rickets,  from  which  it  is  distinguished  by 
several  features ;  nor  is  the  disease  the  same  as  osteogenesis  imperfecta. 
The  thyroid  gland  wjis  carefully  examined,  but  showed  no  deviations 
from  the  normal.  Jo  aohimsthal  (xiv. )  narrates  another  case  of  the  same 
kind  J  in  which  the  child,  living  when  the  paper  was  written,  had  attained 
the  age  of  eleven  years,  and  was  very  intelligent,  though  small,  growth 
haviug  ceased  at  the  age  of  3.  A  study  of  the  skeleton  by  means 
of  the  Bontgen  rays  showed  marked  proliferation  of  the  cartilaginous 
ends  of  the  bones,  with  almost  complete  absence  of  ossification.  There 
was  a  rickety  rosary,  but  the  condition  wiEis  quite  distinct  from  that 
of  rickets  and  from  cretinism.  Caruso  (xv.)  details  a  similar  case, 
which  he  describes  as  one  of  festal  rickets  with  lympliangeiedcaic 
eJppliantiasis,  in  a  six  months  foetus.  It  had  a  large  head,  small  con- 
torted limbs  with  enlarged  epiphyses,  spina  bifida  with  dorso-lumbar 
lordosis,  and  lumbar  kyphosis.  The  ly mphangeiectasic  condition  existed 
at  the  back  of  the  head  and  spine.  The  microscopic  examination  of 
the  limb  bones  showed  complete  absence  of  true  osseous  tissue,  with 
an  osteoid  structure  in  its  place.  It  appears  that  in  1841  Otto  de- 
scribed a  case  with  a  similar  concurrence  of  osseous  and  lymphatic 
defects.  Hustle  (xvi.)  gives  the  history  of  a  mulatto  woman  whose 
first,  fourth,  fifth,  and  sixth  pregnancies  all  terminated  by  the  birth  of 
pJu)comelous  children  with  absence  of  external  ears.  There  is  here 
imported  quite  gratuitously  the  effect  of  maternal  impression. 
MAiNZBR(xvii.)  narrates  a  remarkable  case  of  elephantiads  congmt(^ 
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which,  unlike  all  earlier  casee  which  are  of  dropsical  lymphangeiectasio 
or  of  ielangeiectasio  nature,  exactly  resembled  the  true  acquired 
elephantiasiB  lurabum.  It  affected  the  extremities  and  the  external 
genitalia.  Manouvrihr  (x?iii.)  records  observations  on  several  dwarf  k 
The  first  of  these  had  grown  3  cm.  in  the  twenty  months  succeeding 
his  twenty-third  and  a  half  year,  another  proof  of  the  protracted  period 
over  which  the  growth  of  dwarfs  sometimes  extends.  The  second 
(Delphin  Sirvoux),  aet.  15,  measured  0*991.  The  arrest  of  growth  had 
oecurred  some  time  after  birth,  and  was  therefore  unaccompanied  by 
microcephaly.  The  tliird  dwarf  (Princess  Blanche),  set.  23,  was  born 
of  normal  parents,  and  was  of  the  usual  size  at  birth.  Arrest  of  de- 
Tslopment  commenced  very  shortly  after  birth.  Her  stature  (1*24  m.^ 
is  that  of  a  child  of  eight  to  nine  years.  The  breasts  were  of  good 
size;  she  menstruates,  but  the  pubes  is  quite  destitute  of  hair. 
RiBouii  (xix.)  describes  a  hairy  man  whom  he  saw  exhibited  at  the 
fair  of  Ximes.  He  was  of  middle  height,  strong  and  well-shaped,  and 
aged  45  to  50.  His  hair  was  37  cm.  in  length,  and  that  of  the  beard 
measured  27  cm.  The  front  of  the  trunk  was  covered,  especially  at  the 
middle  line,  with  black  hairs  from  4  to  5  cm.  in  length.  The  back 
was  still  more  hairy,  the  central  line  being  especially  thickly  clad. 
The  lateral  portions  of  the  back,  the  shoulders,  and  the  limbs  were  also 
well  covered.  As  in  most  similar  cases,  there  were  various  dental 
anomalies,  hare-lip,  with  a  grooved,  but  not  perforated  palate,  and  ill-set 
teeth,  the  incisors  being  placed  transversely.  Van  Duysb  (xx.),  in  a 
description  of  a  case  of  njdopla^  agrees  with  Dareete  that  the  fusion 
of  the  eyes  takes  place  always  along  the  line  of  the  choroidal  Hssure, 
the  juxtaposed  clefts  being  confluent  over  a  greater  or  less  extent. 
Jaccard  (xxi.),  in  a  paper  on  monsters  in  the  organic  world,  deals 
generally  with  the  production  of  variations  by  artificial  means  and  the 
causes  of  abnormalities. 

III.  Duplicity. 

F^R^  (zxii.)  contributes  a  second  note  on  the  development  of 
embryos  in  douhle-yoUifidfmoN  eggs,  (An  account  of  the  former  series 
of  experiments  will  be  found  in  the  eighth  of  these  Reports,  111.  i.)  In 
three  cases  there  was  no  development.  In  five  only  one  embryo  de- 
veloped, the  two  yolks  adhering  to  one  another.  In  seven  instances 
an  embryo  developed  on  each  yolk,  and  of  these,  in  three  cases  both 
embryos  were  normal.  In  three  other  cases  there  was  one  normal 
embryo.  On  the  other  yolk,  in  one  egg  was  a  blastoderm  without 
visible  embryo ;  on  a  second,  a  double  monster  of  the  syncephalous 
type ;  and  on  a  third  a  cyclops.  The  remaining  egg  had  an  omphalo- 
eephalic  monster  on  one  yolk,  the  other  bearing  a  blastoderm  without 
embryo.  Immbrmann  (xxiii.),  from  a  further  series  of  examinations  of 
fUmhle-yolked  eggs,  concludes  that  (a)  there  are  two  kinds  of  such  eggs, 
those  in  which  there  is  a  common  vitelline  membrane  for  both  yolks, 
and  those  in  which  each  yolk  has  its  own  vitelline  membrane  ;  (h) 
there  is  no  normal  position  for  the  twin  embryos  derived  from  such 
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yolks ;  (c)  in  the  process  of  development  one  yolk  and  the  embryo 
which  it  bears  sufi'ers  from  the  influence  of  the  other ;  (d)  eggs  of 
this  kind,  with  separate  vitelline  membranes,  may  arise  from  the 
simultaneous  rupture  of  two  follicles  or  from  the  presence  of  two  ova 
in  one  follicle.  Those  which  have  a  common  vitelline  membrane 
apparently  come  from  a  single  follicle ;  (e)  two  ova  may  sometimes 
be  found  in  a  single  Graafian  follicle  in  man.  Hbrrick  (xxiv.)  describes 
a  case  of  ovum  in  ovo.  The  hen's  egg  in  this  case  contained  a  small 
included  egg,  possessing  a  hard  shell,  a  shell  membrane,  and  a  small 
yolk.  This  included  egg  lay  in  the  yolk  of  the  larger,  and  not  in  the 
albumen,  in  which  respect  this  case  is  stated  to  be  unique.  He  also 
describes  a  second  case  in  which  the  included  egg  lay,  as  usual,  in  the 
albumen  of  the  larger  egg.  The  remarkable  cases  of  this  nature  may 
be  thus  classified. 

I.  Enveloping  egg  usually  normal,  but  occasionally  of  large  size ; 
blastoderm  recorded  in  at  least  one  instance. 

Enveloped  egg : — 

(a)  In  yolk;  small;  composed  of  shell,  shell  membrane,  albu- 

men, and  yolk ;  no  blastoderm  known  to  occur  in  this  or  in 
the  following  variations ;  single  case  recorded  above. 

(b)  In  albumen;  small;  composed  usually  of  shell,  shell  mem- 

brane, albumen,  and  rarely  with  yolk;  few  cases  recorded. 

(c)  In  albumen ;  small ;  usually  with  shell,  shell  membrane,  and 

albumen,  but  no  yolk ;  most  cases  of  ovum  in  ovo  reported 
are  of  this  kind. 
{d)  In  albumen ;  usually  small  and  variously  distorted,  so  as  to 
bear  little  resemblance  to  an  egg  at  all. 

II.  Enveloping  egg  of  colossal  size ;  complete ;  blastoderm  probably 
present. 

Enveloped  egg : — 

(a)  Without  shell,  but  otherwise  complete.  In  this  case  a 
common  shell  may  surround  two  or  three  eggs  complete 
except  for  shells  and  shell  membranes ;  forming  '  double- 
yolk  *  or  *  triple-yolk '  eggs. 

(h)  One  of  the  enclosed  eggs  of  normal  appearance  and  size, 
possessing  shell,  albumen,  and  yolk ;  the  other  eggs  sur- 
rounded by  a  common  shell,  but  having  no  shells  of 
their  own. 

In  the  opinion  of  several  writers  the  small  included  egg  represents 
a  fragment  of  a  normal  ovum  which  has  been  ruptured,  and  thus  has 
parted  with  some  of  its  substance  after  leaving  the  ovary.  This 
fragment  is  then  treated  in  the  oviduct  like  a  full-sized  egg.  The 
small  egg-like  body  thus  produced  is  sometimes  laid,  but  occasionally 
it  is  driven  by  antiperistaltic  action  up  the  tube  until  it  collides  and 
fuses  with  the  mother  egg.  This  theory  will  suffice  to  explain  the 
first  class  of  inclusions  on  the  supposition  that  rupture  takes  place  in 
the  upper  part  of  the  oviduct,  or  at  least  after  the  first  layers  of 
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albumen  have  been  added  to  the  normal  egg.  Since  the  small  included 
eggs  are  generally  yolkless,  we  must  infer  that  such  ruptures  are,  as 
a  rule,  confined  to  the  albumen.  The  theory  of  yolk-rupture  will  not, 
however,  explain  the  second  class  of  abnormalities,  such  as  double  or 
triple  yolk  eggs.  We  have  here  a  case  of  fusion  of  the  albumen  in 
two  or  more  ova,  which  are  treated  in  the  uterus  as  one  egg  and  sur- 
rounded by  a  single  shell.  This  process  is  sometimes  complicated  by 
the  inclusion  of  a  third  egg  of  normal  size  and  already  covered  by  a 
hard  shell.  These  conditions  may  be  brought  about  by  irregularities 
in  the  mechanism  of  the  oviduct,  as  when  any  given  egg  does  not 
receive  its  shell  and  is  not  laid  before  it  encounters  others  coming 
down  the  oviduct  at  the  same  time.  Wylie  (Ixiii.)  has  met  with  a 
case  of  inclwl&i  fcetiis^  which  was  removed  by  operation  from  the 
lesser  peritoneal  cavity  of  a  child  set.  five  months.  The  parasite 
consisted  in  part  of  imperfectly-formed  viscera,  two  limb  buds  pro- 
jecting from  the  mass. 

ScHULTZB  (xxv-),  in  a  discussion  as  to  the  origin  of  double  monstro- 
sitiesy  thinks  that  this  result  may  follow  from  three  possibilities : — (a) 
The  ovum  escapes  from  the  ovary  with  two  nuclei.  These  may  be 
fertilised  by  two  spermatozoa  from  which  two  processes  of  segmenta- 
tion would  follow.  Here  the  duality  of  the  ovum  is  determined  in 
the  ovary,  (b)  Through  over-ripeness,  the  innate  tendency  to  division 
on  the  part  of  the  ovum  may  lead  to  its  division  into  two  equal  or 
nearly  equal  parts,  each  of  which  may  subsequently  be  fertilised. 
Here  the '  ovum  divides  abnormally  shortly  before  fertilisation,  (c) 
The  ovum  may  be  normally  fertilised  and  proceed  to  the  first  division. 
Then,  by  some  unknown  process,  the  same  result  may  follow  as  that 
which  has  been  experimentally  produced  in  so  many  different  ways — 
that  is,  each  segmentation  sphere  may  go  on  to  an  independent  de- 
velopment. Here  the  abnormal  division  takes  place  after  the  first 
process  of  segmentation. 

Wright  (xxvL)  describes  a  case  of  twins,  both  being  affected  with 
syringomyelia.  Both  were  hydrocephalic.  (In  connection  with  this 
the  reader  may  be  referred  to  a  list  of  cases  of  similar  malformations 
in  twins  given  in  a  paper  by  the  reporter  in  this  Journal,  vol.  xxvi. 
p.  295.)  EusTACHE  (xxvii.)  gives  an  account  of  a  case  of  Janiceps  in 
which  the  cranium  consisted  of  twelve  bones,  viz.,  two  occipitals,  four 
temporals,  one  frontal,  and  one  sphenoid.  One  of  the  faces  had  one 
inferior  maxilla,  two  superior  maxillae,  two  malars,  and  two  palates. 
The  other,  which  was  very  incomplete,  had  only  two  superior  maxillsB. 
The  brain  had  a  single  mesocephalon.  Thompson  (xxviii.)  narrates  a 
case  of  irijyiets  in  which  one  child,  a  male,  was  normal,  and  had  its 
own  placenta  and  membranes.  Along  with  it  was  born  a  thoraco- 
pagous  double  monster  of  the  female  sex.  Opitz  (xxix.)  has  described 
a  case  of  acardiafus,  in  which  there  were  rudiments  of  both  legs,  the 
left  arm,  and  the  external  genitalia.  The  greater  part  of  the  intestine 
lay  in  a  large  umbilical  hernial  pouch.  On  the  upper  aspect  of  the 
trunk  lay  a  flacc'd  body  which  contained  the  eyes,  fused  into  one,  and 
the  rudiments  of  a  mouth.  Schiedmacher  (xxx.)  describes  two 
further  cases  of   acanlian,  one   of  which  was  headless,  the   other 
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having  a  rudimentary  head.  In  the  last  volume  of  this  Journal,  the 
present  reporter  has  a  paper  on  Epignathus  (xzxi.)  in  which  the 
theory  is  put  forward  that  forms  of  douhle  monstrosity  of  this  kind 
may  he  due  to  the  imperfect  development  of  a  portion  of  germiaal 
sul»tance,  or  perhaps  even  of  a  polar  hody.  Since  this  paper  was 
written  he  has  received  a  reprint  of  Mabchand's  article  on  malforma- 
tions, in  which  he  finds  that  a  similar  view  has  heen  independently 
expressed  (xxxii.). 

IV.  Head  and  Neck. 

Manouvrieb  (xxxiii.)  gives  a  careful  description  of  the  brain  of  a 
deaf  mute,  in  which  there  were  very  considerable  departures  from  the 
normal  condition  in  the  right  Sylvian  region.  V.  Monakow  (xxxiv.) 
gives  a  full  description  of  a  case  of  microcephaly,  the  suhject  heing  a 
child  aged  2^  yeare  who  had  never  heen  ahle  to  suck.  The  chief 
interesting  features  in  the  hrain  were  microgyry,  with  quite  atypical, 
though  medullated,  hundles  of  fihres  in  the  cerehrum.  There  was 
heteropy  of  the  grey  matter  there  and  in  the  medulla  oblongata,  the 
inferior  olive  being  abnormally  related  to  some  of  the  fibres  of  the 
eighth  nerve.  Bouchacourt  (xxxv.)  describes  a  case  of  frontal 
encephalocele,  which  had  prevented  the  union  of  the  nasal  processes. 
As  secondary  conditions  were  present,  abnormal  separation  of  the 
orbital  cavities,  bifid  nose,  and  median  hare-lip  without  cleft  of  the 
palate. 

Koi^STER  (xxxvi.)  narrates  a  case  of  multiple  canals  in  the  spinal 
cord,  observed  in  the  embryos  of  Sterna  hirundo  and  Larus  canus,  a 
series  of  sections  showing  the  presence  of  two  canals,  one  dorsal  and 
larger,  the  other  and  smaller  being  ventral.  Senator  (xxxvii.)  gives 
another  case  in  which  the  central  canal  was  in  part  double,  in  part 
triple.  In  addition  to  this  there  was  a  heterotopic  mass  of  grey 
matter  near  the  posterior  cornu  of  the  brain,  which  consisted  of 
ganglion  cells,  like  those  of  the  posterior  cornu,  of  neuroglia  cor- 
puscles, and  of  some  medullated  fibres.  Cutore  (xxxviii.)  gives  a 
further  instance  of  multiple  central  canals  occurring,  in  tiie  chick 
embryo  of  forty-eight  hours'  incubation.  The  primary  and  normal  canal 
persisted  throughout,  but  in  addition  there  were  in  parts  of  the  cord 
several  other  canals  of  more  or  less  extent,  lined  by  epithelium  of 
normal  appearance.  (For  another  paper  on  this  subject,  rf.  Ana- 
iomischer  Anzeiger;  xv.  p.  56.)  Lenoble  and  Civel  (xxxix.)  describe 
a  case  of  congenital  dermoid  cyst  of  the  neck,  which  lay  near  the 
hyoid  and  base  of  the  tongue.  This  they  believe  to  have  been  a  case 
of  foetal  inclusion.  A  still  further  advanced  teratome  is  described  by 
Brunker  (xl.)  in  a  baby  of  two  months  old,  from  which  the  tumour 
had  to  be  removed  on  account  of  its  rapid  growth.  It  extended  from 
the  zygoma  to  the  third  rib.  On  microscopic  examination  it  was 
found  to  contain  embryonic  brain  tissue,  fat,  cartilage,  striated  muscle, 
glands,  cysts,  and  the  rudiment  of  an  eye.  A  third  example  of 
cervical   Teratome  is  described    by   IIagenbach-Burckhardt  (xli.), 
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occaning  on  the  right  side  of  a  child  of  three  weeks  old,  from  which 
it  was  excised.  It  contained  cartilage,  fat,  aud  neuroglia.  It  pos- 
sessed a  number  of  cysts,  lined  by  flattened  columnar  or  ciliated 
epithelium.  One  of  these  cysts  contained  hair.  A  congenital  cyst  of 
the  Ifose  of  the  tongue,  demonstrated  by  Johnson  (xlii.),  is  less  easy  to 
classify.  It  occupied  the  extreme  posterior  part  of  the  tongue,  lying 
in  the  middle  line  and  projecting  on  the  surface  as  a  smooth  hemi- 
spherical swelling.  It  was  lined  by  a  layer,  in  most  parts  several  cells 
thick,  of  flattened  epithelium,  and  contained  what  was  apparently 
coagulated  mucus.  Rupfini  (xliii.)  describes  a  semilunar  bony 
eminence  projecting  from  the  postero-inferior  portion  of  the  mastoid 
process  in  some  human  temporal  bones.  It  is  hollow,  and  connected 
with  the  mastoid  cells.  He  looks  upon  it  as  the  morphological 
equivalent  of  the  bulla  tympani  in  other  mammals.  Frassetto 
(xliv.)  describes  a  parietal  suture  in  a  skull  of  Simia  satyrus,  whose 
line  ran  obliquely  across  the  bone  from  near  the  junction  of  the 
sagittal  and  lambdoidal  sutures  towards  the  stephanion.  It  was  only 
visible  on  the  outer  surface  of  the  cmnium,  and  had  a  Wormian  bone 
at  its  lambdoidal  end.  (This  suture  is  known  as  a  rare  anomaly  in 
the  human  skull,  but  so  far  as  the  reporter  is  aware,  has  not  been 
previously  observed  in  any  anthropoid  cranium.) 

Groshkintz  (xlv.),  in  a  paper  on  Hypsistaphyhj  and  Leptoprosopy, 
notes  the  frequent  combination  of  the  latter  condition  with  a  high, 
small  palate.  Small  orbits  and  nasal  apertures  also,  he  says,  accompany 
high  palate.  Broeckart  (xlvi.)  gives  some  curious  anomalies  of  the  soft 
palate.  In  the  first,  the  anterior  pillars  of  the  pharynx  were  com- 
pletely separated  from  the  rest  of  the  lateral  wall  by  a  deep  cleft.  In 
a  second  case  this  condition  was  observed  on  one  side  only.  In 
neither  case  was  the  condition  due  to  tonsillitis.  In  a  third  case  he 
records  congenital  perforations  of  the  soft  palate.  He  regards  these 
as  aplasic  phenomena,  defects  of  formation  due  to  some  vascular 
anomaly  in  early  foBtal  life.  Van  Duyse  (xlvii.)  desciibes  the  fused 
pair  of  eyes  of  a  rhinocephalic  monster,  each  pupU  having  a  coloboma. 
The  clefts  were  i)rolonged  backwards  to  the  rudimentary  optic  nerve, 
which  was  no  doubt  formed  by  the  fusion  of  the  two  normal 
nerves. 

V.  HiPPEL  (xlviii.)  describes  a  case  of  hydrop/dfuUmus  conyenitu^, 
in  which  there  was  marked  expansion  of  the  cornea  and  corneo-scleral 
zone,  deepening  of  the  anterior  chamber,  complete  or  nearly  complete 
absence  of  Schlemm's  plexus,  signs  of  former  irido-cyclitis,  parenchy- 
matous keratitis  with  marked  swelling  of  the  corneal  substance,  with 
presence  of  an  internal  ulcer  of  the  cornea.  There  was  ectropion  of 
the  pupillar  border,  and  the  lens  was  very  small.  The  zonula  was 
much  stretched  and  hypertrophied,  the  papilla  was  deepened,  and  the 
lamina  cribosa  displaced  backwards.  In  the  left  eye  there  was  also  a 
coloboma  iridis. 

Van  Duyue  (xlix.)  gives  a  most  detailed  account  of  the  condition  of 
n'yptophthalMUs  exhibited  by  a  child,  the  literature  of  the  subject 
being  very  fully  dealt  with.  In  the  case  in  point  both  eyes  exhibited 
evident  traces  of  inflammation.    As  an  appendix  to  this  case  an  account 
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of  an  instance  of  unilateral  anophthalmiis  occurring  in  a  pigeon  is 
given.  The  same  writer  (1)  has  a  paper  on  congenital  anophilwlmwi^ 
of  which  condition  he  has  only  been  able  to  find  five  cases  proved  to 
be  genuine  by  a  microscopic  examination.  To  these  he  now  adds  a 
sixth.  The  child,  which  was  seen  by  him  at  the  age  of  three  days, 
died  when  three  months  old.  There  was  no  optic  nerve  nor  chiasma, 
nor  tract,  and  the  corpora  quadrigemina,  especially  the  anterior,  were 
badly  developed.  There  was  no  external  geniculate  body,  nor  brachia 
conjunctiva.  A  series  of  sections  of  the  whole  orbital  cavity  was 
made,  which  demonstrated  the  presence  of  muscles  and  nerves.  The 
eyeball  was,  however,  reduced  to  a  small  nodule,  measuring  1  mm.  in 
diameter  and  5  mm.  in  length,  which  was  composed  of  a  fibrous 
envelope  clothing  a  choroid,  whose  vessels  filling  the  central  cavity  of 
the  nodule,  were  separated  from  one  another  by  branched  pigmented 
cells. 

KuEL  (li.)  records  two  mcUforniations  of  the  lens.  In  the  first  the 
child,  aged  4,  had  a  microphthalmrc  eye,  in  which  the  lens  was  very 
small  and  perforated  in  the  centre  by  a  fibrous  growth,  which  covered 
that  portion  which  rests  in  the  fossa  patellaris.  In  front  this  growth 
projected  through  the  pupil.  The  ciliary  body  was  small  and  atrophic. 
In  the  second  case  the  child,  sst.  14,  had  a  persistent  hyaloid  artery. 
The  lens  was  small  and  displaced  anteriorly  and  to  the  nasal  side.  It 
adhered  to  the  posterior  surface  of  the  cornea.  Here  also  the  ciliary 
body  was  in  a  very  atrophic  condition. 

Vaughan  (lii.)  adds  another  to  the  list  of  cases  of  hereditary  per- 
sistent bi-anchicd  clefts.  In  the  case  in  question,  that  of  a  woman,  the 
clefts,  or  fistuldB,  were  in  the  most  common  site,  viz.,  about  half  an 
inch  above  the  sterno -clavicular  joints.  Four  members  of  the  family, 
all  female,  in  three  generations  have  been  known  to  possess  the  same 
abnormality.  These  were  (a)  the  grandmother  of  tho  patient,  who  had 
one  fistula  on  the  right  side  of  the  neck ;  (6)  the  patient  as  above ;  (r) 
another  granddaughter,  with  one  fistula  on  the  left  side  of  the  neck  ] 
{d)  a  great-granddaughter  similarly  affected  to  the  last. 

V.  Thorax. 

Stoyanov  (liii.)  has  a  lengthy  and  exhaustive  thesis  on  the  whole 
question  of  })olythehj  and  polymastia,  in  which  a  number  of  new  cases 
are  described  and  the  literature  of  the  subject  fully  dealt  with.  The 
author  agrees  with  the  views  of  Schmidt  as  to  the  origin  of  the  con- 
dition, which  he  believes  to  bo  (juite  the  reverse  of  rare.  (For 
Schmidt's  view  see  the  eighth  of  these  Reports,  No.  xxix. ;  rf.  also 
Burckhardt,  Report  IX.,  No.  xlviii.)  lie  agrees  that  the  condition  is 
hereditary  and  atavistic.  Templeton  (liv.)  records  a  case  of  axillary 
mammay  which  had  no  nipple,  but  a  small  central  pore,  at  the  point  of 
the  attachment  to  the  skin,  from  which  pore  could  be  expressed,  during 
lactation,  a  fluid  with  all  the  physical  and  microscopic  characters 
of  milk. 

Levy  (Iv.)  describes  a  case  of  absence  of  the  pectoral  muscles  of  the 
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right  side  with  deficient  formation  of  ribs.  The  third  lib  cartilage 
was  a  little  stump  about  half  an  inch  in  length,  and  the  fourth  a 
narrow  curved  strip  2^  inches  long,  lying  cl^se  along  the  upper 
border  of  the  fifth  cartilage.  The  end  of  the  curtailed  third  rib 
could  be  obscurely  felt  in  the  axilla  just  under  the  margin  of  the 
pectoral  muscle  and  lying  close  to  the  second  rib,  while  the  attenuated 
termination  of  the  fourth  rib  was  found  a  little  further  back  in  the 
axilla.  PoFOWSKY  (Ivi.)  gives  several  cases  of  ribs  bifui  at  their 
sternal  extremities,  a  condition  which,  taking  into  consideration  the 
fact  that  the  anthropoids  have  thirteen  pairs,  of  which  eight  are 
connected  with  the  sternum,  he  believes  to  be  atavistic. 

Fischer  (Ivii.)  describes  an  extra  lobe  of  tlie  right  lung  situated  at 
its  upper  part,  round  which  the  vena  azygos  major  wound  instead  of 
round  the  right  bronchus.  Civette  (Iviii.)  records  a  case  in  which 
there  were  only  ttoo  aortic  valves^  which  were  placed,  the  one  anterior, 
the  other  posterior.  The  pulmonary  artery  had  the  normal  number. 
There  was  no  communication  between  the  right  and  left  hearts,  but 
during  life  there  was  present  a  condition  of  extreme  cyanosis. 
Durante  (lix.)  gives  a  case  of  franspodtion  of  the  great  vessels  of  the 
usual  type. 

D^VE  (Ix.)  gives  three  cases  very  similar  to  that  of  Kischer  {suirra) 
in  which  the  azygos  vein  cut  off  an  accessory  lobe  from  the  upper 
part  of  the  right  lung.  (This  is  a  sufficiently  well-known  anomaly ; 
the  azygos  vein  is  really  embedded  in  a  deep  groove  in  the  lung.) 

VI.  Abdomen. 

Bertino  (Ixi.)  narrates  an  interesting  case  of  eventration  which,  as 
he  points  out,  must  have  occurred  after  the  closure  of  the  abdominal 
wall,  and  cannot  therefore  be  accounted  for  by  the  usual  theory  of  an 
arrest  of  development.  An  opening  existed  in  the  right  half  of  the 
anterior  abdominal  wall,  about  the  level  of  the  umbilicus,  through 
which  opening  projected  a  bundle  of  abdominal  viscera,  with  no 
membranous  covering.  The  opening  in  question  was  nearly  circular, 
and  measured  4  cm.  in  diameter.  It  was  separated  from  the  umbilicus 
by  a  tract  of  ordinary  abdominal  wall.  The  bundle  of  viscera  con- 
sisted of  oesophagus,  stomach,  duodenum,  small  intestines,  and  parts  of 
the  colon.  The  umbilical  vein  passed  in  the  superficial  part  of  the 
abdominal  wall  along  the  edge  of  the  opening.  Passing  through  this, 
it  made  its  way  to  the  liver,  where  it  had  a  normal  distribution. 
Schauta  (Ixii.)  has  recorded  a  case  of  diastasis  of  the  symphysis  pubis, 
which  is  almost  certainly  congenital,  and  which,  being  unaccompanied 
by  ectopia  vesicae,  is  unique.  The  separation  between  the  bones  was 
to  an  extent  of  2  cm.,  their  ends  were  rounded,  and  there  was  no 
history  or  evidence  of  any  disease  of  the  joint.  Sievers  (Ixiv.) 
describes  a  case  of  congenital  Iwur-glass  stomach  in  a  woman  set. 
38.  There  was  a  tube-like  connection  between  the  two  portions  of 
the  stomach,  which  was  so  small  as  only  to  permit  the  passage 
through  it  of  the  little  finger.     Lardennois  (Ixv.)  has  recorded  a  case 
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of  duodencU  denosis  occurring  in  the  adult,  but,  as  he  believes,  of  con- 
genital origin,  a  view  which  he  considers  to  be  established  by  the 
microscopic  examination. 

Lbtulle  (Ixvi.)  has  met  with  two  cases  of  duodenal  divertictda^ 
small  pouches  existing  around  the  diverticulum  Yateri.  In  a  third 
case  he  describes  a  single  diverticulum  of  the  oesophagus  situated  od 
anterior  aspect,  and  1 2  cm.  above  the  cardiac  orifice. 

Bradley  (Ixvii.)  describes  a  case  of  atresia  ani  with  recto-vulval 
fistula,  which  he  met  with  in  a  sheep.  The  animal  lived  to  the 
age  of  7^  months.  The  rectum  opened  into  the  urino-genital  sinns. 
The  same  author  (Ixviii.)  has  contributed  a  second  case  of  the  same 
kind  during  the  year.  Phisalix  (Ixix.)  narrates  a  case  of  complete 
absence  of  the  inferior  vena  cava  in  a  guinea-pig,  the  place  of  the 
missing  vein  being  taken  by  a  persistent  left  cardinal  vessel. 

Chbynb  (Ixx.)  records  a  case  of  a  third  kidney  which  lay  a  little 
below  the  normal  right  organ,  and  had  its  own  ureter  and  blood  supply. 

VII.  Genitalia. 

Kellock  (Ixxi.)  has  met  with  two  cases  of  complete  hi/pospaaUa^ 
with  cleft  scrotum,  occurring  in  a  family  of  nine  children,  all  the  rest 
being  normal.  Laxgb  (Ixxii.)  records  a  remarkable  case  of  dauJii'' 
penis.  The  two  organs  lay  side  by  side;  there  were  two  scrotal 
cavities  each  with  a  single  testis.  There  was  no  patent  anus,  but 
from  either  scrotum  there  led  down  to  tl\e  perineum  a  raphe.  Each 
of  these  terminated  in  the  anal  region  at  a  small  button-like  skin 
appendage.  There  were  two  bladders,  each  with  a  ureter  opening 
into  it.  The  two  cavities  were  quite  separated  from  one  another,  and 
the  right  was  the  larger  of  the  two.  There  were  two  urethree  com- 
municating with  one  another,  one  prostate  and  two  vesicules  seminales. 
The  rectum  opened  by  narrow  passages  into  either  urethra.  There 
were  no  signs  of  duplicity  in  the  skeleton.  (For  former  cases  of 
diphalluB,  see  Report  VI.,  Nos.  xxviii.  and  xxix.,  and  Report  VIII., 
No.  xli.)  Nagel  (Ixxiii.)  deals  with  the  question  of  fiennaphivditimu^ 
verus  in  connection  with  a  case  described  by  Blacker  (2V.  Obst,  Soc 
Lond,  xxxviii.).  v.  Winckel  (Ixxi v.)  has  compiled  a  most  valuable 
account  of  the  various  malformations  of  the  female  generative  organs, 
which  he  arranges  chronologically,  according  to  the  order  of  their 
occurrence  during  development.  To  this  classification  is  added  a 
number  of  cases  observed  by  the  writer  himself.  Lesser  (Ixxv.) 
records  a  case  of  double  uterus  with  cloaca.  The  patient  (not  a 
virgin)  had  a  normal  clitoris,  labia,  and  urinary  meatus.  Behind  the 
latter  were  the  openings  of  two  vaginae,  separated  by  a  thin  septum. 
Each  had  possessed  a  hymen,  and  that  of  the  left  side  was  intact. 
Posteriorly  to  these  was  another  thin  septum,  behind  which  was  tlie 
anal  opening.  Behind  this  again  was  the  posterior  commissuie. 
Examination  revealed  the  fact  that  there  were  two  perfect  vagina 
and  two  uteri.  There  was  a  patch  of  pigment  at  the  normal  site  of 
the  anus. 
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Ullrich  (Ixxvi)  places  on  record  four  cases  of  indLformaiums  of 
tlie  femaJe  genitalia :  (a)  Uterus  duplex  bicornuatus,  with  separate 
vaginae;  (b)  almost  complete  absence  of  internal  genitalia,  with 
total  absence  of  vagina ;  (c)  uterus  unicornuatus,  with  absence  of 
right  annexse  ;  (d)  uteras  infantilis.  Giyette  (Ixxvii.)  records  a  case 
in  which  there  was  absence  of  vagina,  an  infundibulum  2  cm.  replacing 
it.  There  was  a  supernumerary  ovary  on  the  right  side.  A  very 
small  uterus  was  connected  with  the  left  tube,  but  the  right  tube 
failed  to  reach  it.  Both  tubes  were  patent  only  in  their  upper 
parts. 

MuND^  (Ixxviii.)  has  an  article  on  deficiencies  of  the  female  genttaliaj 
with  numerous  illustrative  cases  and  references  to  the  literature. 

WiART  (Ixxix.)  records  a  case  of  hernia  of  the  Fallopian  tttbe 
into  the  inguinal  canal  in  a  new-born  child.  This  is  said  to  be 
a  rare  condition,  Schultz  (Thhe  tie  Paris,  1897)  having  only  been 
able  to  collect  twelve  cases  of  it,  but  the  author  has  observed  a  second 
instance  also  in  a  new-born  child.  Nxugbbauer  (Ixxx)  narrates  a 
remarkable  case  of  a  second  ditoris,  A  young  woman,  just  delivered 
of  her  first  child,  was  bping  examined  as  to  her  fitness  for  a  position 
as  wet-nurse,  when  the  following  conditions  were  observed: — The 
genitalia  and  clitoris  were  normal,  but  springing  from  the  middle  of 
the  perineum  was  an  organ  1  inch  in  length,  of  the  size  aud  shape 
of  a  penis,  with  a  perfect  glans  and  a  partial  prepuce.  On  manipula- 
tion, this  erected  itself  to  a  length  of  2  inches,  and  was  then  as  thick 
as  a  little  finger.  It  was  solid,  and  there  were  no  signs  of  testicles  or 
other  abnormal  structures  in  the  neighbourhood.  The  extra  clitoris 
was  provided  with  two  well-developed  corpora  cavernosa,  one  of  which 
could  be  traced  to  the  ramus  of  the  pubes. 

VIII.  Extremities. 

Barwell  (Ixxxi.)  recorded  at  the  Pathological  Society  of  London  a 
case  in  which  the  right  hand  ami  forearm  were  wanting,  being  repre- 
sented only  by  a  fleshy  prominence  bearing  minute  nail-buds.  Ho 
regarded  the  condition  as  one  of  early  arrest  of  development,  due  to 
the  influence  of  the  nervous  system.  In  the  right  lower  limb  the 
femur  and  thigh  were  absent.  In  the  discussion  which  followed,  Mr 
Shattock  stated  that  he  believed  that  Weissmann's  views  afforded  the 
best  explanation  of  this  class  of  malformations,  an  irregular  distribution 
of  determinants  being  the  cause  of  the  defect.  Wallenstein  (Ixxxii.) 
notes  a  case  of  lyeroinelia,  in  which  there  were  no  upper  extremities. 
In  the  lower  extremities  the  tibisB  and  fibulae  were  absent,  the  feet 
articulating  directly  with  the  femora.  Durlacuer  (Ixxxiii.)  gives  a 
series  of  cases  of  hereditary  iiialformatuyiis  of  the  hands  and  feet.  In 
this  case  the  boy,  his  mother,  and  sister,  all  had  similar  defects. 
The  mother,  aged  36,  had  on  her  right  hand  apparently  only  three 
fingers,  but  really  the  pollex  and  index  and  the  medius  and  annularis 
M'ere  completely  syndactylous.  The  condition  of  the  left  hand  was 
much  the  same,  but  there  was  more  separation,  as  the  pollex  and 
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index  poesessed  qtiite  separate  nails.  In  the  right  foot  the  great  and 
second  toes  were  quite  syndactylous.  The  thirds  fourth,  and  fifth  toes 
were  syndactylous,  aud  there  was  a  sixth  (post-minimus),  quite  separate. 
The  left  foot  was  normal.  Of  this  woman's  three  children,  the  eldest, 
a  girl,  was  quite  normal.  The  second,  a  hoy,  had  the  following 
defecta  The  poUex  and  index  were  syndactylous  on  each  hand,  the 
end  phalanges  heing  separate  on  the  right  aud  rather  more  on  the  left 
On  the  feet,  right  side,  the  first  and  second  toes  were  fully  syndac- 
tylous, the  third  was  diminutive,  and  the  fourth  and  fifth  were  partly 
syndactylous.  On  the  left,  the  first  toe  was  normal,  the  second 
diminutive,  the  third  and  fourth  syndactylous,  and  the  fifth  separate 
but  small.  The  third  child,  a  girl,  had  on  the  right  hand  the  poUex 
and  index  syndactylous,  and  also  the  medius  and  annularis.  On  the 
left,  the  pollex  and  index  were  webbed,  and  the  medius  and  annularis 
syndactylous.  On  the  right  foot,  the  first  and  second  toes  were 
syndactylous,  the  third  diminutive,  and  the  fourth  and  fifth  syn- 
dactylous. The  left  foot  presented  the  same  condition  as  the  right 
foot  of  the  mother. 

Stoufps  (Ixxxiv.)  records  a  case  of  deficient  osseowt  apparcdwt. 
The  hands  had  three  digits  apiece  only,  and  were  connected  with  the 
scapulae  by  a  single  bone,  the  nature  of  which  is  not  mentioned ;  pos- 
sibly it  was  undeterminable.  The  long  bones  of  the  leg  were  absent ; 
a  single  centre  of  oesification  represented  the  tarsus  on  either  side,  and 
the  feet  were  perfect,  save  for  the  fact  that  there  was  a  web  between 
the  fourth  and  fifth  toos.     There  was  double  hare-lip  also. 

ViRDBN  (Ixxxv.)  records  a  case  of  upward  displacement  of  the  left 
srapida  in  a  girl  set.  10^.  A  similar  condition  is  noted  by  Pitsch 
(Ixxxvi.).  (This  condition,  which  is  known,  from  the  name  of  its  first 
describer,  as  '  Sprengel's  deformity,'  has  been  dealt  with  in  Report 
VIII.,  No.  xlviii.,  where  references  to  the  literature  will  be  found.) 

HuLTKRANTz  (Ixxxvii.)  gives  five  cases  of  defect  of  the  clavicle.  In 
one  instance,  three  daughters  of  a  mother,  herself  wanting  part  of  the 
clavicle,  all  presented  an  absence  of  the  acromial  end  of  that  bona 
This  defect  appears  to  be  generally  bilateral,  and  as  a  rule  a  cord-like 
structure  stretches  from  the  sternal  rudiment  of  the  bone  to  the  com- 
coid  process.  The  condition  appears  to  be  very  commonly  associated 
with  one  of  deficient  development  of  the  skull. 

Carpenter  (Ixxxviii.)  records  a  case  of  double  absence  of  clavicles. 
In  five  other  members  of  the  family  there  were  clavicular  defects.  In 
the  case  in  point  the  clavicles  were  replaced  by  two  small  thin,  taper- 
ing fragments  of  cartilage  attached  by  their  broader  extremities  to  the 
sternum.  Geipbl  (Ixxxix.)  adds  another  to  the  list  of  cases  of  abseiU 
pectoral  mvsdes,  Eisler  (xc.)  has  examined  sixty  hands  for  super- 
numerary carpal  elements,  of  which  two  only,  both  coming  from  the 
same  man,  presented  any  such  ossicles.  In  the  right  there  were 
secondary  trapezoid,  styloideum,  and  epipyramis,  and  in  the  left  a 
secondary  trapezoid. 

Pfitzner  (xci.)  has  a  paper  on  hrachypludangy  {cf.  Report  IX, 
No.  Ixxvii.).  In  order  of  frequency  of  occurrence,  he  states  this 
occurs  as  follows : — (1)  Terminal  phalanx  of  the  thumb;  (2)  middle 
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phalanx  of  minimoB  j  (3)  middle  phalanx  of  minimus  and  annularis ; 
(4)  middle  phalanx  of  minimus  and  index ;  (5)  metacarpal  of  thumb. 
Hyperphalangy,  he  thinks,  should  be  considered  as  a  reversion.  He 
mentions  a  case  in  which  he  found  a  rudimentary  phalanx  between 
the  middle  and  terminal  phalanges  of  the  third  toe  of  an  adult  man. 
It  was  nearly  fused  with  the  terminal  phalanx. 

The  same  writer  (xciL)  records  a  case  of  duplicity  of  the  fifth  toe, 
in  which  the  additional  member  lay  between  the  fourth  and  fifth 
metatarsals,  and  consisted  of  a  single  metatarsal-like  bone,  articulating 
proximally  with  the  fourth  metatarsal,  and  distally  with  the  fifth. 
This  toe,  otherwise  single,  carried  two  terminal  phalanges. 

Mazzitelli  (xciii.)  has  collected  1 20  cases  of  absence  offihulce.  The 
condition  was  bilateral  in  37*7  per  cent.  Of  the  bilateral  cases,  25*6 
per  cent,  showed  complete  absence ;  both  in  the  complete  and  partial 
unilateral  absence  the  defect  was  more  often  met  with  on  the  right 
than  on  the  left  aide.  Males  were  more  frequently  affected  than 
females. 
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A  PERICARDIAL  SAC  IN  WHICH  THE  LARGE  AZYGOS 
VEIN  PIERCED  THE  SAC  BEFORE  OPENING  INTO 
THE  SUPERIOR  VENA  CAVA.  By  C.  M.  Cooper, 
M.B.,  M.R.C.S.,  Junior  Demonstrator  of  Anatomy^  UniversUy 
of  Edinburgh, 

The  variety  described  in  this  note  occurred  in  an  adult  male  sub- 
ject dissected  during  the  present  winter  in  the  University  Practical 
Anatomy  Rooms. 

The  pericardial  sac  was  extensive,  and  enclosed  the  whole  length  of 
the  ascending  thoracic  aorta  and  the  lower  two-thirds  of  the  cir- 
cumference of  the  arch  of  the  aorta,  at  its  upper  limit  blending 
with  the  outer  coat  of  this  vessel. 

The  origins  of  the  right  and  left  pulmonary  arteries  and  the  hga- 
mentum  arteriosum  were  included  within  the  sac. 

The  large  azygos  vein  did  not  open  into  the  superior  vena  cava 
outside  the  sac,  but  after  arching  above  the  root  of  the  right  lung,  it 
pierced  the  pericardium,  and  for  the  distance  of  an  inch  lay  free 
within  the  sac,  the  included  portion  of  the  vein  being  invested 
anteriorly  and  laterally  by  the  serous  pericardium.  It  then  opened 
into  the  superior  vena  cava  one  inch  and  a  half  distant  from  the 
superior  caval  opening  in  the  right  auricle.  The  superior  vena  cava 
was  included  within  the  sac  for  the  distance  of  two  inches. 

In  this  specimen  the  left  bronchial  artery  coursed  between  the  left 
recurrent  laryngeal  nerve  and  the  ligamentum  arteriosum  as  the 
nerve  wound  round  the  arch  of  the  aorta.  This  artery  was  single, 
and  arose  from  the  descending  thoracic  aorta.  It  entered  the  limg 
on  the  anterior  aspect  of  the  left  bronchus. 

The  left  vertebral  artery  arose  from  the  upper  aspect  of  the  arch 
of  the  aorta,  between  the  organs  of  the  left  common  carotid  and  left 
subclavian  arteries. 


journal  of  ^natomp  anti  ^j^^stoloj^. 


ON  THE  TOPOGEAPHICAL  ANATOMY  OF  THE  ABDO- 
MINAL VISCERA  IN  MAN,  ESPECIALLY  THE 
GASTEO- INTESTINAL  CANAL  By  Chkistopher 
Addison,  M.D.,  B.S.  (Lond.),  F.B.C.S.,  Professor  of  And- 
tomy^  University  College^  Sheffield}  Pakt  II.  (Plates 
LI1.-LIV.) 

{CofUinued  from  page  586,  vol.  xxxiii.) 

Table  III.« 

Table  of  Average  Bdationa  of  the  Stomach  to  the  adjoining  Viscera, 

and  accessory  Tables  relating  tliereto, 

(Compiled  from  Tables  II.,  III.,  V.,  and  VI.  in  the  Appendix.     All 

measurements  in  centimetres.) 

The  liver. 

The  upper  border  in  the  R.L.  line  ew  to  E.F., .         10*4  cm.  above. 
„  „  „  as  to  inf-ster.  notch,  '6  cm.  above. 

„  „  M.L.  „         „  „      '8  cm.  below. 

„  „  „  „     E.F.,   .         .     9  cm.  above. 

The  left  extremity  of  the  liver /rom  M.L.,       .         .     7*1 
„  „  „    above  E.F.,       .         .     7*4 

The  extent  that  the  liver  overlaps  tlie  stomach  in  the 

'plane  of  the  left  point  of  the  lesser  curvature,     .     1*43 
The  extent  that  the  liver  overlaps  the  stomach  in 
31,  Jj,,  .         .         .         .         .         .         .         .1*6 

The  extent  that  the  liver  overlaps  the  upper  border 
of  the  pylorus, 1*8 

^  In  reading  this  paper,  reference  should  be  made  to  figs.  1  and  8  and  the  Plates 
in  Part  L 

'  For  convenience,  it  may  be  repeated  that  R.L.,  L.L.,  and  M.L.  indicate 
respectively,  the  right  lateral,  the  left  lateral,  and  the  middle  lines,  and  that  E.F. 
is  a  line  drawn  transversely  across  the  body,  midway  between  the  pubes  and  the 
snpra-stemal  notch. 

'  The  points  are  defined  in  the  text. 
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27ie  transverse  colon. 

The  upper  border  iu  the  RL.  Ime  as  to  KF.,  .     2*25  below. 

„  „  M.L.         „         »>       .        •     3'2      „ 

»  »>  Ij.Li.i    ft     )|  )»        •  •      I  '^        »» 

^  Highest '  point '  of  the  splenic  flexure  of  the  colon  as 

to  E.F., 2-9  above. 

Highest  point  of  the  splenic  flexure  of  the  colon 
from  M.L.,  .......  10 

2  Outer  border  of  the  descending  colon,  or  the  splenic 

flexure,  in  the  plane  of  E,F,  (32  cases)  from  M.L.,   10*6 

The  pancreas. 

The  upper  border  in  the  middle  line  as  to  E.F.,    .     2*4  above. 

„  „  „         lesser  curvature,       '5      „ 

The  anterior      „  „         as  to  E.F.,  .     1  -5  below. 

„  „  „         greater  curvature,  1  above. 

„  „  L.L.  lineas  to  E.F.,       .       -3      „ 

„  „  „    „    as   to    greater 

curvature, 1*5      „ 

The  extent  of  the  pancreas  to   the  left  of    the 
middle  line,     .         .  .         .         .         .9*1 

The  extent  of  the  stomach  to  the  l^t  in  the  same 
plane, 9*5 

The  left  kidney,  pancreas^  and  greater  curvature  of  the  stomach. 

The  upper  pole  (Jf  thie  left  kidney  as  to  E.F,,        .     4*5  cm,  above, 
„  ,,  „  as  to  the  upper 

border  of  the  pancreas,    .....     1  cm.         „ 

3  The  upper  pole  of  the  left  kidney  from  the  middle 

line,        .         .         .         .         .  '      .         .         .6*1  cm. 

The  upper  border  of  the  pancreas  in   the  L.L. 

line  as  to  E.F.,      '  ■. 3*4  above. 

The  depth   in  a  vertical   plane   of    the  gastric 

surface  of  the  pancreas  in  the  L.L.  line,    .         .3*1  cm. 

Tlie  depth  antero-posteriorly  of  the  inferior  sur- 
face of  the  pancreas  in  the  L.L.  line,         .         .     2  cm. 

!Z7ie  left  kvlney  awl  supra-renal. 

The  *  inner  point'  of-  the  upper  segment  of  the 

kidney  from  the  middle  line,  .         .         .3*8  cm. 

"^The   outer   point  of  the   left   kidney   from   the 
middle  line,     .         .         .         .         .         .         .9*6 

^  The  points  are  defiaed  in  the  text. 

-^  In  S  cases  the  splenic  flexure  of  the  colon  was  wholly  situated  below  E.F. 
^  The  left  lateral  line  is  practically  in  the  vertical  plane  of  the  upper  pole 
of  the  left  kidney. 
^  This  is  the  point  along  the  extreme  outer  border  which  is  nearest  E.F, 
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The  outer  point  of  the  left  kidney  as  to  KF.,       .  '  '6  below. 

The  lower  pole          „                „                „            .  6'2      „ 
„                    „                „     as  to  the  iliac 

creety 3*3  above. 

The  lowest  point  of  the  left  supra-renaJ  as  to  E.F.,  '5      „ 

The  highest            „              „             „              „  5*5      „ 

T1)t  spleen, 

^  Distance  to  the  left  of  the  lowest  *  point  *  of  the 

anterior  border  of  the  spleen,  .         .         .         .11*6 
The  lowest  point  of  the  spleen  as  to  E.F.,     .         .1*4  below. 
The  highest  point  of  the  spleen  as  to  E.F.,  .         .     8*7  above. 
The  „  „  9f     infra-sternal 

notch, ri  below. 

The  highest  point  of  the  spleen  from  the  middle 

line, .         .     5-8 

The  innermost    point  of    the  spleen   from    the 

middle  line,     . 3'6 


11.  Average  Position  op  the  Stomach  in  relation  to 

OTHER  Organs. 

In'  this  place  the  average  position  of  the  stomach  in  relation 
to  the  adjoining  viscera  in  the  whole  series  'twill  be  stated.  It 
is,  however,  fully  recognised  that  in  some  cases,  especially  with 
regard  to  the  transverse  colon,  and  to  some  less  extent  the 
liver,  the  mere  statement  of  an  average  does  not  sufficiently 
indicate  what  we  should  expect  to  meet  with  in  any  particular 
case. 

The  Liver. — Tfte  tipper  border  of  the  liver  in  the  middle 
line  is  situated  8  cm.  below  the  infra-sternal  notch,  and  9  cm. 
above  E.F.,  passing  across,  that  is,  a  little  higher  than  the  upper 
border  of  the  cardiac  orifice.  It  passes  to  the  left,  in  front 
of  the  stomach,  for  71  cm.,  sinking  in  level  1*6  cm.  The  left 
extremity  of  the  liver  is  therefore  situated  7'4  cm.  above 
E.F.,  7'1  cm.  from  the  middle  line;  or,  in  general  terms, 
3  inches  to  the  left  of  the  middle  line  1  inch  below  the  level  of 
infra-sternal  notch ;  or  behind  the  sixth  rib  near  the  costo- 
chondral  junction.  The  summit  of  the  stomach,  on  a  posterior 
plane,  projects  2*2  cm.  higher  than  this  left  part  of  the  liver. 

^  The  anterior  border  of  the  spleen  sometimes  passes  imperceptibly  into  the 
basal  surface.    The  point  had  then  to  be  selected  arbitrarily. 
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The  lower  harder  of  the  liver,  passing  from  its  left  extremity 
towards  the  right,  sinks  but  little  in  level  for  its  first  2  em.,  after 
which  it  bends  almost  directly  downwards,  with  a  convexity  to 
the  left  and  downwards,  until  in  the  plane  of  the  'left  point' 
of  the  lesser  curvature  the  liver  overlaps  the  stomach  for 
1*43  cm. ;  the  margin  of  the  liver  in  this  plane  being  5*18  cm. 
from  the  middle  line,  and  4*5  cm.  above  KF.  From  this  point 
the  lower  margin  of  the  liver  follows  fairly  regularly  the  lesser 
curvature,  overlapping  it  in  the  middle  line  1*66  cm.  and  at 
the  upper  margin  of  the  pylorus  1*8  cm. 

The  lower  border  of  the  liver  in  the  middle  line  is  '3  cm 
above  KF. ;  the  vertical  depth  of  its  anterior  surface  in  the 
middle  line  thus  being  87  cm. 

The  IVansverse  Colon, — The  upper  border  of  the  transverse 
colon  crosses  the  middle  line  3*2  cm.  below  KF.,  being  nearly 
in  contact  with  the  lower  border  of  the  stomach. 

Continued  to  the  left,  in  a  great  many  cases  there  is  a  loop  of 
colon  passing,  either  upwards  in  front  of  the  stomach,  or  down- 
wards, in  the  interval  between  the  middle  line  and  the  left 
lateral  line.  In  the  left  lateral  line  the  upper  border  of  the 
colon  is  1*3  cm.  below  E.F.  in  contact  with  the  lower  border  of 
the  greater  curvature  of  the  stomach,  having  risen  2  cm.  in 
level  from  the  middle  line.  Continued  to  the  left  as  far  as  the 
point  designated  the  '  left  point '  of  the  greater  curvature,  the 
colon  forms  a  loop  upwards  before  bending  backwards  at  its 
splenic  flexure.  The  middle  of  the  highest  part  of  this  termini^ 
loop  upwards  of  the  transverse  colon  (see  fig.  3a,  Part  I.) 
practically  corresponds  to  the  left  point  of  the  greater  curvature 
of  the  stomach.  In  most  cases  the  mutual  pressure  of  the 
two  viscera,  supported  by  the  small  intestines  and  general 
abdominal  pressure  below,  and  pressed  upon  by  the  diaphragm 
and  liver  above,  determines  where  shall  be  the  left  point  of 
the  greater  curvature.  The  precise  situations  of  these  two 
*  points '  are — of  the  highest  point  of  the  splenic  bend  of  the 
colon,  29  cm.  above  KF.,  and  10  cm.  from  the  middle  line;  of 
the  left  point  of  the  greater  curvature,  3*6  cm.  above  E.F.,  and 
10*7  cm.  from  the  middle  line. 

The  upward  bend  of  the  transverse  colon  to  the  left  is  thus  4 
inches  from  the  middle  line,  and  rather  over  1  inch  above  EF. 
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The  part  of  tJie  anterior  surface  of  the  stomach  which  is  not 
covered  by  the  liver  or  the  diaphragm  (fig.  3a),  and  which  is 
more  or  less  in  contact  with  the  anterior  abdominal  wall,  may 
be  roughly  defined  as  a  triangular  area  having  for  its  base  a  line 
passing  1*5  cm.  below  E.F.,  beginning  2*5  cm.  to  the  right  of 
the  middle  line,  and  continued  across  to  the  left  costal  margin ; 
the  apex  of  the  triangle  being  along  the  left  costal  margin,  3 
cm.  above  E.F. 

Concerning  the  posterior  relations  of  the  stomach,  a  general 
description  is  necessary  before  giving  the  averages. 

The  parts  behind  the  stomach  in  the  hardened  specimen,  or 
in  a  good  fresh  subject,  present  a  well-marked  and  regular  con- 
cavity for  the  reception  of  the  cardiac  portion  of  the  stomach, 
which  Birmingham  (6)  aptly  described  as  the  '  stomach-bed.' 

When  the  stomach  is  removed  the  convexity  of  the  central 
part  of  the  diaphragm  downwards,  produced  by  the  heart, 
is  seen.  Passing  to  the  left,  this  convexity  passes  into  the 
concavity  which  lodges  the  summit  of  the  stomach,  and  which 
projects,  as  a  rule,  1  cm.  higher  than  the  highest  point  of  the 
spleen.  The  concavity  of  the  diaphragm,  continued  either  from 
above  downwards  or  from  the  left  inwards,  passes  into  the 
hollow  of  the  gastric  surface  of  the  spleen;  this  gastric  sur- 
face of  the  spleen  forming,  with  the  diaphragm,  the  completion 
of  the  outer  wall  and  a  part  of  the  floor  of  a  deep  concavity 
which  projects  backwards  to  a  plane,  up  to  6  cm.,  posterior  to 
the  front  of  the  aorta  and  the  pancreas  in  the  middle  line.  The 
floor  of  this  concavity  is  completed,  below  the  innermost  part 
of  the  spleen,  by  a  portion  of  the  anterior  surface  of  the  left 
kidney  at  its  upper  part,  the  extent  of  this  gastric  surface  of 
the  left  kidney  being  determined  by  the  size  of  the  spleen,  and 
by  the  degree  of  displacement  of  the  pancreas,  as  will  be  sub- 
sequently shown.  Lying  over  the  inner  part  of  this  portion  of 
the  kidney,  and  completing  the  floor  of  the  stomach-bed  at  this 
part,  and  continuing  it  inwards  to  the  side  of  the  vertebrae,  is  a 
varying  part  of  the  left  supra-renal  capsule  projecting  above  the 
upper  border  of  the  pancreas. 

The  extent  of  the  gastric  surface  of  the  left  supra-renal 
capsule  is  determined  partly  by  the  position  of  the  convolutions 
of  the  splenic  artery,  which  often  quite  overlap  it,  partly  by 


432  PB0FE8S0B  CHBI8T0PH2R  ADDISON. 

the  size  of  the  pancreas  and  the  spleen,  and  partly  by  the  posi* 
tion  of  the  pancreas.  When  the  pancreas  is  pushed  upwards  by 
the  intestines  below,  or  downwards  by  the  stomach  above,  it 
sometimes  carries  the  supra-renal  body  with  it  a  certain  extent 
Moreover,  when  the  upper  portion  of  the  spleen  is  enlarged, 
it  spreads  downwards  over  the  gastric  surface  of  the  left  supra- 
renal as  well  as  over  that  of  the  adjoining  kidney  and  sbuts^ 
them  out  from  relation  with  the  stomach. 

The  concavity  of  the  stomach-bed  passes  downwards  from 
the  hilum  of  the  spleen,  and  from  the  gastric  surfaces  of  the  left 
kidney  and  supra-renal  capsule,  on  to  the  gastric  surface  of  the 
pancreas.  The  slope  of  the  gastric  surface  of  the  pancreas  is 
directed  downwards  and  forwards,  with  varying  degrees  of 
obliquity,  to  the  lower,  or,  more  correctly,  the  anterior  border 
of  the  gland.  The  degree  of  obliquity  of  the  gastric  surface  of 
the  pancreas  is  determined,  with  a  pancreas  of  average  size,  hj 
the  pressure  of  the  stomach  above,  and  of  the  jejunum  and 
intestines  on  the  inferior  surface  of  the  pancreas  below. 

If  the  stomach  is  large,  it  tends  to  flatten  the  pancreas ;  and 
if  it  is  large  and  lowly  placed,  it  tends  not  only  to  flatten  out 
the  pancreas,  but  also  to  push  it  downwards  over  the  face  of 
the  left  kidney,  with  perhaps  the  left  supra-renal  capsule. 
On  the  other  hand,  if  the  intestines  are  distended,  particu- 
larly the  jejunum,  they  tend  to  push  the  pancreas  bodily 
upwards  over  the  left  kidney,  so  that  the  gastric  surface  of  the 
kidney  may  become  obliterated,  and,  moreover,  at  the  same 
time  the  anterior  border  of  the  pancreas  is  pressed  upwards  so 
that  the  inferior  surface  looks  first  directly  downwards,  then 
downwards  and  forwards ;  the  slope  of  the  gastric  surface  thos^ 
running  increasingly  forwards,  the  pancreas  forming  more  and 
a  projecting  ledge  on  which  the  stomach  rests,  not  only  poste- 
riorly, but  inf eriorly.  Furthermore,  in  this  change  the  pancreas 
seems  to  be  so  moulded  that  there  is  an  actual  increase  in  the 
extent  of  its  inferior  surface,  and  a  decrease  in  the  extent  of 
its  gastric  surface.  The  projecting  anterior  border  of  the 
pancreas  presents  between  the  jejunum  below  and  stomach 
above.  Fig.  1,  Plate  LIV.,  shows  the  different  positions  of  the 
parts  in  the  stomach-bed  in  the  low  and  high  positions  of  the 
stomach  from  two  consecutive  cases. 
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Fennanent  hardened  preparations  from  cases  1  and  2  of  this 
series  illustrate  very  well  these  different  points  in  connection 
with  the  stomach-bed. 

If  the  stomach  should  project,  as  it  usually  does,  below  the 
anterior  border  of  the  pancreas,  it  is  supported  behind  by  Che 
layers  of  the  transverse  meso-colon  as  they  pass  forwards. 

The  transverse  meso-colon  completes  the  stomach-bed  behind 
and  supports  it  below — the  meso-colon  being  supported  in  its 
turn  by  the  convolutions  of  the  small  intestine,  as  well  as, 
perhaps,  being  held  up,  or  even  dragged  up,  by  a  distended 
transverse  colon, — which,  if  convoluted,  the  jsmall  intestines 
being  at  the  same  time  distended,  may  find  room  for  itself  by 
paasing  upwards  over  the  front  of  the  stomach.  The  stomach- 
bed  at  the  left  and  below  is  completed  by  the  splenic  flexure  of 
the  colon,  where  the  colon  passes  backwards  across  the  basal 
surface  of  the  spleen. 

Finally,  traced  internally,  the  inner  wall  of  the  stomach-bed 
is  formed  by  the  diaphragm  fibres  passing  downwards  to  the 
left  crus  across  the  sides  of  the  vertebrae,  and  supporting  in 
pert  the  left  supra-renal  body.  Internal  to  the  supra-renal,  as  a 
rule,  a  portion  of  the  left  semilunar  ganglion  presents. 

The  pancreas  traced  internally  passes  into  a  convexity  over 
tiie  front  of  the  vertebral  column  and  aorta,  and  often  presents 
a  well-marked  ridge  as  figured  by  His.  This  ridge  on  the 
pancreas  was  not  usually  found  to  be  median  in  position.  It 
was,  when  present,  mostly  situated  to  the  left  of  the  middle 
line,  having  a  direction  downwards  and  inwards,  corresponding 
to  a  groove  often  present  on  this  part  of  the  stomach. 

The  pancreas  in  the  average  of  the  cases  projected  *5  cm. 
above  the  lesser  curvature  of  the  stomach  in  the  middle  line, 
and  tba.  stomach  passed  to  the  right  as  far  as  the  pylorus,  Ijdng 
on  the  pancreas,  the  gland  being  moulded  for  its  reception. 
*  The  anterior  border  of  the  pancreas,  traced  inwards  from  over 
the  left  kidney,  becomes  in  the  middle  line,  where  it  overhangs 
the  emergence  of  the  mesenteric  vessels,  the  lower  border  of  the 
body  of  the  pancreas.  It  represents  at  this  place  the  conjoined 
anterior  and  posterior  borders,  the  inferior  surface  having  ceased. 
However,  even  in  the  middle  line,  this  border  will  always  be 
spoken  of  as  the  anterior  border. 
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Averages. 

After  the  foregoing  detailed  description  of  the  stomach-bed, 
the  following  averages  suffice  for  this  section. 

The  upper  border  of  the  pancreas  in  the  middle  line  reached 
2 '4  cm.  above  the  level  of  E.F.,  '5  cm.  above  the  lesser  curva- 
ture. The  greater  curvature  in  the  middle  line  overhung  by 
1  cm.  the  commencing  anterior  border  of  the  pancreas,  which 
here  was  1*5  cm.  below  E.F.  The  vertical  depth  of  the  pancreas 
in  the  middle  line,  from  the  upper  to  the  anterior  borders,  was 
therefore  3'9  cm.  In  the  left  lateral  line  the  greater  curvatore 
projected  1*55  cm.  lower  than  the  anterior  border  of  the  pan- 
creas, which  here  was  situated  '3  cm.  above  E.F. ;  the  extent  to 
which  the  stomach  projects  below  the  anterior  border  of  the 
pancreas  indicating  the  extent  to  which  it  is  supported  behind 
by  the  transverse  meso-colon. 

The  pancreas  extended  9*1  cm.  to  the  left  of  the  middle  line, 
and  on  the  same  transverse  plane  as  its  extreme  left  point 
the  extent  of  the  greater  curvature  to  the  left  was  9*5  cm. 

The  line  KF.  passes  across  the  upper  part  of  the  head  of 
the  pancreas,  and  represents  at  the  left  costal  arch  its  anterior 
border. 

The  upper  pole  of  the  left  kidney,  at  a  distance  of  616  cm. 
from  the  middle  line — practically  the  lateral  line — was  situated 
4*5  cm.  above  E.F.  The  upper  border  of  the  pancreas  in  the 
same  vertical  plane  was  3'4  cm.  above  E.F.,  thus  leaving  an 
average  possible  gastric  surface  of  the  left  kidney  of  practically 

1  cm. 

In  the  left  lateral  line  the  average  depth,  in  the  vertical 
plane  of  the  gastric  surface  of  the  pancreas,  was  3*1  cm., 
and  the  depth,  antero-posteriorly,  of  its  inferior  surface  was 

2  cm. 

Behind  the  pancreas  the  inner  convexity  of  the  upper  s^ment 
of  the  left  kidney  was  situated  3*8  cm.  from  the  middle  line. 
The  extreme  outer  point  of  the  kidney,  at  an  average  level  of 
•6  cm.  below  E.F.,  was  9*6  cm.  from  the  middle  line.  The 
extreme  outer  point  of  the  left  kidney  was  therefore  situated  a 
little  lower  and  a  little  more  to  the  left  than  the  extreme  left 

« 

of  the  pancreas. 
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The  lower  border  of  the  left  supra-renal  capsule  was  situated 
*5  above  KF. ;  its  upper  point  about  2  cm.  above  the  upper  border 
of  the  pancreas  and  5*5  cm.  above  E.F.,  and  its  innermost  point, 
usually  also  its  lowest  point,  2*4  cm.  from  the  middle  line. 

The  lowest  point  of  the  anterior  border  of  the  spleen  was 
situated  1*4  cm.  below  E.F.,  11*5  cm.  from  the  middle  line,  or 
75  cm.  more  to  the  left  than  the  extreme  left  point  of  the 
greater  curvature  of  the  stomach. 

In  those  cases  in  which  there  was  no  marked  angle  at  the 
lower  border  of  the  spleen,  but  in  which  the  anterior  border 
sloped  gradually  into  the  basal  surface,  the  '  lowest  point '  had  to 
be  selected  arbitrarily.  The  lowest  point  of  the  whole  spleen, 
usually  at  the  back  of  the  basal  surface,  was  situated  2*5  cm. 
below  KF.  The  highest  point  of  the  spleen  was  87  cm.  above 
KF.,  I'l  cm.  below  the  infra-sternal  notch,  and  58  from  the 
middle  line.  The  innermost  point  of  the  spleen  was  situated  a 
little  above  the  level  of  the  left  kidney,  3*6  cm.  from  the  middle 
line. 

III.  Variation  in  the  Shape  of  the  Stomach. 

The  outline  of  the  stomach,  seen  from  the  front,  as  obtained 
in  this  work,  does  not  necessarily  indicate  what  would  be  its 
shape  if  it  were  removed  from  the  body  and  filled.  The  out- 
lines (see  Plates  XLIII.  and  XLIV.,  Part  I.)  are  no  doubt 
determined  very  much  by  the  pressure  of  surrounding  viscera. 
But  allowing  for  this,  the  cases  do,  perhaps,  furnieh  some 
indications  of  certain  natural  varieties  in  shape. 

Fimb  variety. — ^A  type  of  stomach,  usually  not  of  large  size, 
and  characterised  by  a  long  cylindrical  portion  passing  to  the 
pylorus,  is,  perhaps,  the  commonest  Examples  of  this  shape 
are  seen  in  Nos.  1,  3,  6,  8,  18,  20,  25,  30,  31,  35,  and  37,  and  to 
a  less  extent  in  Nos.  17,  24,  26,  27,  33,  and  40 — that  is,  in 
42'5  per  cent,  of  the  total  cases.  Sometimes  it  was  plain  that 
the  shape  was  produced,  to  a  great  extent,  by  the  pressure  of 
the  transverse  colon.  For  instance,  the  stomach  in  case  21 
might  seem  deservedly  to  be  included  in  this  group,  but  refer- 
ence to  the  complete  plate  of  the  case  shows  that  the  appear- 
ance is  produced  by  the  pressure  of  the  adjoining  coloa     (The 
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figures  of  the  colon  will  be  published  in  a  subsequent  number 
of  the  Journal,) 

In  connection  with  this  tjrpe  of  stomach,  it  will  be  seen  that 
they  represent  amongst  them  all  those  in  which  the  stomach 
was  highly  placed,  except  Na  12  in  which  the  stomach  was  of 
a  somewhat  similar  shape.  The  high  position  of  these  stomachs 
is  most  likely  accounted  for  by  the  fact,  that  they  contain 
amongst  them  all  those  cases  in  which  a  distended  transverse 
colon  passed  highly  upwards  in  front  of  the  stomach, — viz.,  cases 
1,  6,  8,  25,  31,  35,  37  and  40,  with  case  12 ;  and  in  others  of 
the  group  the  colon  was  distended,  though  not  in  front  of  the 
stomach,  as  in  cases  20  and  18 ;  in  which  last  case  also  the 
jejunum  was  distended.  It  is  clear  that  a  distended  transverse 
colon  was  associated  very  commonly  with  this  shape  of  the 
stomach,  and,  presumably,  was  to  some  extent  responsible  for 
it.  I  think,  however,  that  it  is  open  to  question,  seeing,  for 
instance,  that  the  8toma(3h  from  case  1,  which  was  removed  from 
the  body  and  filled  with  agar  jelly,  still  retained  its  shape, 
whether  this  type  of  stomach,  being  mostly  small,  does  not,  if 
the  colon  becomes  distended,  as  it  were,  invite  the  bowel  to 
seek  its  additional  room  in  the  upper  part  of  the  abdominal 
cavity ;  so  that  a  distended  colon  high  in  the  abdomen  may  not 
alone  be  the  cause,  but,  perhaps,  to  some  extent,  the  conse- 
quence of  a  stomach  this  shape. 

In  case  27  the  stomach  and  liver  were  pushed  down  by  a 
large  intra-thoracic  growth. 

Eight  of  the  subjects  with  this  type  of  stomach  were  emaci* 
ated,  and  had  suffered  from  long-standing  disease. 

Second  variety, — The  stomachs  Nos.  5, 12, 15, 19,  23,  and  36, 
and  to  a  less  extent  Nos.  4,  11,  and  24,  show  evidence  of  a  con- 
striction somewhere  in  the  cardiac  portion^  that  would  no  doubt 
have  been  permanent — cases  23,  36,  15,  and  5.  being  the  best 
examples.  The  constriction,  when  present,  tends  to  be  about 
half-way  along  the  left  border  of  the  greater  curvature. 

Third  variety. — A  third  type  of  stomach,  almost  evenly 
cylindrical  and  usually  capacious,  is  represented  by  Nos.  2, 7r 
10,  22,  88,  and  39,  also  by  No.  14~the  kink  in  which  was  pro- 
duced by  the  pin.  Nos.  21,  24,  and  34  probably  represent 
intermediate  states  between  this  type  and  the  elongated  con* 
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stricted  stomach  of  Nos.  15  and  36.  Several  of  these  were, 
apparently,  chronically  distended. 

These  cases  did  not  present  much  in  common.  Four  were 
emaciated,  and  had  suffered,  three  from  phthisis,  and  the 
other  from  tubercular  salpingitis.  The  other  cases  presented 
Yarioos  diseases.    Three  of  the  subjects  are  described  as  fat. 

Fmrih  variety. — Some  of  the  other  stomachs  which  were 
distended  presented  a  more  quadrilateral  shape,  of  which  No. 
16,  which  Was  pushed  over  to  the  left  by  a  large  liver,  is  the 
best  example.  Nos.  9,  28,  29,  and  32  are  of  a  similar  shape ; 
but  the  straight  lower  border  in  cases  28  and  29  was  distinctly 
produced  by  a  distended  straight  transverse  colon. 

Cases  13,  31,  and  others,  show  also  quadrilateral  features. 

IV.  Variations  in  the  Position  of  the  Stomach. 

The  Cardiac  Oribicb. — ^The  outlines  on  Plates  XLIII.  and 
XLIV.  (Part  I.)  show  these  variations  much  better  than  a  mere 
statement  of  numbers  can.  The  general  position  of  the  centre 
of  the  cardiac  orifice,  2*1  cm.  below  the  infra-sternal  notch  and 
1  cm.  from  the  middle  line,  agrees  very  well  with  that  given 
in  most  text-books.  There  was,  however,  in  this  part  of  the 
stomach,  an  excursion  of  its  central  point  about  the  infra- 
sternal  notch  of  7  cm. ;  from  6  cm.  below  in  case  7,  to  1  cm. 
above  in  cases  4  and  34. 

High  Positions. — In  three  instances,  Nos.  4,  12,  and  34,  the 
centre  of  the  cardiac  orifice  was  above  the  infra-sternal  notch, 
the  maximum  being  1  cm.  In  the  first  of  these,  a  patient  with 
phthisis,  the  stomach  was  large  and  full.  There  is  no  record  of 
distension  of  the  rest  of  the  intestine.  The  transverse  colon  was 
low  and  tortuous.  In  the  second  instance,  a  case  of  pneumonia, 
the  jejunum  and  caecum  were  very  distended,  the  transverse  colon 
was  full,  and  the  splenic  flexure  of  the  colon  reached  high  up  to 
the  left  of  the  stomach  into  the  vault  of  the  diaphragm.  In 
the  third  case,  with  pulmonary  phthisis  and  some  tubercular 
peritonitis,  the  small  intestines  were  very  distended,  but  the 
eolon  was  in  its  normal  position.  In  this  case  (see  Plate 
LII.)  the  liver  was  very  large,  and  extended  to  the  left 
across  the  stomach,  overlapping  the  spleen. 
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Low  Positions, — There  were  six  cases,  in  which  the  centre  of  the 
cardiac  orifice  was  4  cm.  or  more  (up  to  6  cm.)  below  the  infra- 
sternal  notch  (Nos.  7,  15,  18,  27,  30,  and  35).  The  first  was  a 
case  of  right  pneumothorax,  with  the  liver  and  stomach  puahed 
down.  The  second  case  presented  a  large  intra-thoracic  tumour, 
with  a  similar  displacement  of  the  stomach  and  liver.  In  the 
third,  although  the  upper  border  of  the  stomach  was  lower  than 
the  average,  the  lower  border  was  higher  than  usual,  and  was 
supported  by  distended  intestines  above  a  low  transverse  colon. 
There  is  nothing  recorded  from  the  thorax  to  account  for  the 
low  cardiac  opening ;  the  costal  arch  was  narrow.  In  the  fourth 
case  there  was  a  large  secondary  sarcomatous  growth  in  the 
thorax,  especially  in  the  left  side;  the  transverse  colon  was 
distended  and  low.  In  the  fifth  case  there  was  no  special 
factor  recorded;  the  small  intestines  were  distended,  but  the 
transverse  colon  was  low  down,  running  across  the  pelvic  cavity. 
In  the  last  case,  one  of  advanced  phthisis,  the  lower  border  of 
the  stomach,  again,  was  higher  than  usual,  but  the  cause  of  dis- 
placement of  the  upper  border  downwards  was  quite  obvious, 
for  a  huge  transverse  colon  had  passed  up  in  front  of  the 
stomach,  pushing  the  liver  over  to  the  right,  and  insinuating 
itself  between  the  stomach  below  and  diaphragm  above.  It  is 
unfortunate  that  a  record  of  the  condition  of  the  heart  was 
not  made  in  all  these  cases,  especially  in  case  18. 

Conclusions. — The  chest  conditions,  as  would  be  anticipated, 
seem  the  most  important  in  producing  dovmward  displacemgidi 
of  the  cardiac  part  of  the  stomach,  even  against  considerable 
intestinal  distension  below. 

Upward  displacement  is  usually  associated  with  distension  of 
the  intestines,  and  often  with  a  transverse  colon  passing  upwards 
in  front  of  the  stomach.  But,  on  the  other  hand,  it  is  clear  that 
distension  of  the  intestines,  even  when  there  is  absence  of 
any  obvious  thoracic  opposition,  is  not  always  associated  with  a 
raised  cardiac  orifice,  as  cases  18  and  35  show.  The  distension 
of  the  transverse  colon,  in  fact,  in  the  last  case,  as  already 
explained,  was  the  actual  cause  of  the  downward  displacement 
of  the  cardiac  orifice. 

The  relaiive  levels  of   the  cardiac  and  pyloric  orifices  are 
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^own  on  curve  A,  Plate  LIII.  Although  there  is  a  general  corre* 
spondence  in  the  levels,  cases  11, 14,  and  40,  in  addition  to  those 
already  quoted,  show  that  the  stomach  may  be  full  and  have  a 
nonnally  situated,  or  even  raised,  pylorus,  and  that  yet  there 
may  be  a  low  cardiac  opening;  the  mutual  abdominal  and 
thoracic  pressures  causing  the  transverse  diameter  of  the 
Btomach  to  be  much  the  longer. 

Thb  Pylorus.— If  the  outlines  on  Plates  XLIII.  and  XLIV. 
(Part  I.)  or  curve  B  on  Plate  LIII.  be  consulted,  it  will  be  seen 
that  in  24  cases,  or  60  per  cent,  of  the  whole  series,  the  line  E.F, 
'passed  thr&agh  some  part  or  other  of  the  pylorus,  or  was  within 
hdf  a  centimetre  of  one  of  its  margins ;  and  that  in  29  cases,  or 
72'S  per  cent.,  it  passed  either  through  the  pylorus,  or  within  a 
eerUimetre  and  a  half  of  its  margins. 

1.  Vertical  Di^plaeements. — There  were  29  cases  in  which  the 
npper  border  of  the  pylorus  was  in  the  plane  of,  or  above  the 
level  of  KF.  In  24  of  them  the  distance  did  not  exceed  3  cm., 
and  in  the  remaining  5  cases  (Noe.  25,  40,  5,  37,  and  31)  the 
greatest  height  above  KF.  was  6*5  cm.,  in  case  31. 

There  were  11  cases  in  which  the  upper  border  of  the  pylorus 
was  below  the  level  of  E.F.,  6  of  them  being  at  or  less  than 
2  cm.  below ;  the  remaining  6  cases  (Nos.  32,  34,  7,  36,  15,  and 
2)  being  more  than  2  cm.,  up  to  6'5  cm.  below,  in  case  2. 

(a.)  High  Position. — ^The  colon  was  disteuded  in  each  of  the 
five  cases  in  which  the  pylorus  was  highly  situated  (those  in 
which  the  upper  border  was  more  than  3  cm.  above  E.F.),  and 
in  four  of  them  (Nos.  25,  40,  37,  and  31)  passed  upwards  to  a 
variable  height  in  front  of  the  stomach.  In  the  other  case,  No. 
5,  a  distended  jejunum  pressed  up  the  stomach.  lu  these  cases 
the  liver  was  pressed  upwards  and  to  the  right,  and  was  noted 
to  be  small  in  cases  5,  31,  and  37.  (See  the  outlines  on  Plate 
LII.,  and  the  curves  B,  C,  and  D  of  Plate  LIII.) 

(b.)  Low  Position. — Five  of  the  6  cases  in  which  the  pylorus 
was  situated  low  down  (the  upper  border  more  than  2  cm.  below 
E.F.)  were  associated  with  a  large  or  displaced  liver — cases  34 
and  36  with  large  lardaceous  livers,  case  15  with  an  immense 
liver  pushed  down  by  a  large  growth  filling  the  right  side  of  the 
chest,  case  7  with  a  liver  displaced  by  a  right  pneumothorax, 
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Bud  case  2  with  a  large  and  somewhat  low  nutmeg  liver.  In  all 
of  these  5  cases  also .  the  stomach  was  distended,  and  wm 
vertically  elongated  In  case  24,  although  not  coming  under 
this  arbitrarily-defined  group,  the  pylorus  was  displaced  down- 
wards and  to  the  left  by  a  latge  lardaceoua  liver,  the 
stomach  being  of  the  elongated  variety.  The  remaining  case 
in  which  the  pylorus  was.  more  than  2  cm,  below  KF. 
(3  cm.)  was  No.  32.  In  this  case  the  liver  was  small  and 
pushed  over  to  the  right,  the  pylorus  following  it  on  its  under 
surface,  and  a  distended  stomach  lay  horizontally  a(»t)S8  the 
abdomen,  nearly  bisected  by  E.F,  In  this  case,  as  well  as  in  all 
the  others  presenting  a  low  pylorus,  there  was  a  low,  prolapsed 
transverse  colon  (case  34  being  the  least  marked).  In  Noa  7, 
32,  and  36  there  was  a  considerable  interval  between  the  u|^ 
border  of  the  prolapsed  transverse  colon  and  the  greater  curva- 
ture of  the  stoma^ch,  in  which- the  stomach  was  supported 
behind  the  nleso-colon  by  the  small  intestines. 

Downward  IHsplacemeTit  of  the  Stomach, — ^Now«  a  stomach 
may  be  full,  in  f^t  distended,  without  coming  appreciably 
much  lower  in  the  abdominal  cavity,  aa  outlines  9, 10, 16, 23, 28^ 
and  29  on  Plates  XLIIL  and  XLIV.  clearly  show.  But  it  ia 
the  stomach  elongaited  vertically  (however  that  elongation  may 
have  been  produced)  which  is  found  low  in  the  abdominal 
cavity,  and  whose  position  is  usually  associated  with  a  liver 
enlarged  or  displaced  downwards  and  a  prolapsed  or  low  trans- 
verse colon. 

Although  not  quite  apropos  of  the  position  of  the  pylorus,  it  will 
be  convenient  to  take  here  the  other  cases  in  which  the  stomach 
reached  low  down  in  the  abdominal  cavity.  In  case  38,  in  which 
all  the  parts  were  loaded  with  fat,  and  the  parts  of  the  gastro- 
intestinal canal  were  very  capacious,  with  some  most  noteworthy 
features,  the  stomach  was  very  flabby,  and  of  inmiense  size, 
and  came  10  cm.  below  KF.  in  the  middle  line.  The  liver  was 
not  enlarged,  and  occupied  its  normal  level,  and  the  pylorus  uxa 
at  its  usual  height.  In  this  case  the  transverse. colon  ran  along 
the  lower  border  of  the  stomach  to  the  left  lateral  line,  where 
it  passed  upwards  beneath  the  stomach  to  the  splenic  flexure, 
which  was  situated  1  cm.  above  the  level  of  KF.  In  case  39, 
in  which  there  was  acute  general  peritonitis  from  the  rupture 
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of  a  left  tubal  abscess,  with  a  large  quantity  of  fluid  in  the 
abdominal  cavity,  the  stomach  was  8  cm.  below  KF.  in  the  left 
lateral  line ;  there  was  a  large  liver  extending  low  down,  at  tb$ 
right,  and  with  a  thin  flap  overlying  the  stomach  below  RF.  to 
tiie  left  of  the  middle  line,  and  a  distended  transverse  colon 
{)a8sing  across  below  the  greater  curvature  of  the  stomach, 
l^be  upper  border  of  the  pylorus  in  this  case  was  situated  in  the 
plane  o/KF.,  '75  cm.  to  the  right  of  the  middle  line.  In  case 
30,  in  which  the  greater  curvature  in  the  middle  line  was  4  cm. 
below  KF.,  there  was  a  i»rolapsed  transverse  colon  running 
across  the  pelvic  cavity,  and  the  liver  was  a  little  lower  than 
usual,  the  upper  border  of  the  pylorus  being  1*5  cm.  below  KF„ 
mi  1*25  cm.  to  the  right  of  the  middle  line.  Finally,  in  case 
22,  there  was  a  large  liver  pushed  down  and  over  to  the  left  by 
very  firm  pneumonic  consolidation  of  the  right  lung,  and  the 
«tomach  was  lying  vertically ;  the  upper  border  of  the  pylorus 
was  situated  3'75  cm.  to  the  left  of  the  middle  line  in  the 
plane  of  KF.    The  transverse  colon  was  low  and  tortuous. 

Conclusions. 

1,  i.  In  considering  the  foregoing  cases,  it  appears  that  a 
UgUy^laced  stomach  is  usually  associated  with  a  liver  placed 
well  up  beneath  the  ribs  and  often  small,  and  with  a  highly- 
placed  transverse  colon,  which  in  .most  cases  was  also  distended. 
But  as  regards  the  colon,  it  appears  that  it  may  come  upwards 
m  front  of  the  stomach  without  appreciably  elevating  the  stomach 
itself ;  merely  pressing  it  backwards  into  the  stomach-bed. 

il  As  regards  a  low  position  of  the  stomach,  referring  generally 
to  the  greater  curvature,  it  appears  to  be  specially  associated 
with  the  liver  extending  low  down  in  the  abdomen,  and  perhaps 
enlarged,  and  with  a  prolapsed  colon.  On  the  other  hand,  how- 
ever, by  an  increase  of  the  length  of  the  peritoneal  fold  attaching 
the  colon  to  the  lower  border  of  the  stomach,  the  transverse  colon 
may  sink  away  from  the  greater  curvature  of  the  stomach, 
leaving  the  stomeich  supported,  at  its  usual  level,  by  the  intes- 
tines behind  a  long  transverse  meso-colon. 

As  regards  the  alterations  in  level  of  the  pylorus^  in  parti- 
cular, it  is  clear  that  the  liver  is  the  chief  determining  factor ; 
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that  when  the  liver  extends  low  down  in  the  abdominal  caTity^ 
the  pylorus  is  generally  lowly  placed,  and  vice  versa;  allowing 
for  the  fact  that  the  part  of  the  liver  overhanging  the  stomach 
varies  considerably  in  thickness,  it  appears,  as  case  38  shows 
very  well,  that  mere  distension  of  the  stomach,  apart  from  a  low 
position  of  the  liver,  does  not  suffice  to  produce  material  down- 
ward displacement  of  the  pylorus.  This  matter,  however,  will  be 
more  fully  set  forth  in  the  course  of  the  foUowiug  sectioa 

2.  Lateral  Di^plaeements  of  the  Pylorus, — ^Following  the  sug- 
gestion contained  in  the  preceding  paragraph,  it  is  found  that 
with  regard  to  the  position  of  the  pylorus  to  the  right  or  left  of 
the  middle  line,  a  matter  as  important  as,  if  not  more  important 
than  the  degree  of  the  distension  of  the  stomach  at  any  parti- 
cular time,  is  the  position  of  the  liver,  and,  more  particularly, 
the  shape  of  its  under  surface.  By  means  of  the  strong  ri^t 
part  of  the  lesser  omentum,  and  the  structures  contained  within 
it,  connecting  the  pylorus  and  the  first  part  of  the  duodenum 
to  the  under  surface  of  the  liver,  the  pylorus  is  firmly  held  up 
to  the  transverse  fissure  of  the  liver,  and  its  position  and 
obliquity  by  this  means  considerably  determined. 

Taking  first  a  summary  of  the  various  positions  of  the  pyloros: 
— In  34  cases  it  was  on  the  middle  line  or  to  the  right  of  it; 
and  in  6  cases  to  the  left. 

Analysing  the  first  group  of  34  cases : — In  14  instances  (in 
three  of  which  some  part  of  the  pyloric  border  touched  the 
middle  line)  the  pylorus  was  up  to  or  less  than  2  cm.  to  the 
right  of  the  middle  line.  In  a  further  14  cases  it  was  more 
than  2  cm.,  up  to  or  less  than  4  cm.,  to  the  right  of  the  middle 
line.  Beyond  this  distance  to  the  right  there  were  6  cases ;  4 
of  them  up  to,  or  less  than,  4*5  cm.  from  the  middle  line ;  and 
two  cases,  Nos.  35  and  4,  were  5  cm.  and  6  cm.  respectively  from 
the  middle  line.  In  both  these  the  greater  curvature  of  the 
stomach  was  at  a  higher  level  than  usual. 

Of  the  6  cases  in  which  the  pylorus  was  situated  to  the  lefi 
of  the  middle  line,  4  were  up  to  or  less  than  2  cm.  away,  the 
remaining  two  (Nos.  22  and  24)  were  3*5  cm.  from  the  middle 
line. 

(These  measurements  in  all  cases  relate  to  the  upper  border 
of  the  pylorus.) 
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The  figures  yield  the  result  that  in  45  j)er  cent,  of  the  cases 
the  upper  border  of  the  pylorus  was  not  more  than  2  cm, 
from  the  middle  line  to  one  side  or  the  other :  that  in  22*5  per 
cent,  of  the  total  cases  the  pylorus  was  in  the  middle  line  or  to 
the  left  of  it;  and  that  in  15  per  cent,  only  of  the  cases  was 
it  situated  more  than  4  cm.  to  the  right  of  the  middle  line. 

The  direction  of  the  pylorus  in  24  cases,  or  in  60  per  cent, 
of  the  whole  series,  was  practically  vertical;  in  10  cases  it  was 
oblique,  and  in  the  remaining  6  cases  it  was  practically  trans- 
verse.   (Cases  2,  21,  24,  32,  34,  and  38.) 

(a)  Displacement  of  the  Pylorus  to  the  left. — As  to  the  cause 
of  these  lateral  displacements  of  the  pylorus :  In  those  in  which 
the  pylorus  was  situated  on  the  middle  line  or  to  the  left 
thereof ,  the  liver  was  in  all  cases,  except  the  first,  very  mani- 
festly the  cause  of  the  displacement.  In  the  first  case  (No.  3), 
in  which  the  pylorus  was  1  cm.  to  the  left  of  the  middle  line, 
the  patient  had  died  of  prolonged  sepsis,  the  liver  had  a  massive 
omental  tuberosity  fitting  into  the  lesser  curvature,  but  it  did 
not  extend  to  the  left  of  the  middle  line  in  the  plane  of  the 
upper  border  of  the  pylorus ;  the  stomach  was  small,  and, 
like  all  the  other  parts  of  the  gastro-intestinal  canal,  empty^ 
In  all  the  other  cases,  in  Nos.  13, 15, 16,  22,  and  24,  in  which 
the  pylorus  was  to  the  left  of  the  middle  line,  and  in  Nos.  7, 19, 
and  39,  in  which  it  was  on  the  middle  line,  the  liver  extended 
low  down  and  far  over  to  the  left  at  a  low  level,  being  either 
enlarged  itself  through  disease,  or  displaced  downwards  by 
thoracic  pressure.  An  attempt  is  made  on  the  curve  on  fig. 
2,  Plate  LIV.,  by  depicting  the  relation  of  the  upper  border  of 
the  pylorus  and  of  the  lower  border  of  the  liver  in  the  same 
horizontal  plane  to  the  middle  line,  to  represent  the  conditions. 
The  curve  shows  that  these  cases  were  accompanied  by  a  con- 
siderable extension  of  the  liver  over  to  the  left  of  the  middle 
line. 

The  curve,  however,  is  to  some  extent  misleading.  For 
instance,  in  case  2,  in  which  the  lower  border  of  the  liver  is 
represented  far  to  the  right  of  the  pylorus,  the  Plates  XLIII. 
and  LII.,  on  comparison,  show  that  the  liver  presented  a  nearly 
straight  lower  border  '5  cm.  above  the  level  of  the  upper 
border  of  the  pylorus,  and  that,  although  the  lower  border  of 
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the  liver,  in  the  same  plane  as  the  pylorus,  was  so  far  to  tiie 
right  thereof,  yet,  at  only  1  cm.  higher  level,  the  lower  border 
of  the  liver  crossed  the  middle  line.  A  similar  condition  existed 
in  case  3,  in  which  a  portion  of  the  extreme  right  of  the  liver 
came  into  the  curve,  whilst  at  a  level  of  only  '25  cm.  above  the 
pylorus,  the  lower  border  of  the  liver  crossed  the  middle  Une ; 
and  in  case  37,  in  which  an  enormously  distended  colon  pushed 
up  the  liver  and  stomach ;  also,  in  case  32,  in  which  the  liver 
was  pushed  up  higher  than  usual  by  a  very  large  dilated 
stomach.  Case  No.  32  exhibits  the  condition  Prof.  Symington 
(10)  figures  as  the  state  of  the  distended  stomach;  but,  as 
will  be  pointed  out,  these  cases  do  not  seem  to  warrant  one  in 
describing  it  as  the  normal  condition  of  the  distended  organ. 

If  we  consider  the  instances  on  the  curve,  and  on  the  Plates 
in  which  the  lower  border  of  the  liver  extended  far  over  to  the 
Uft  of  the  middle  line  in  the  same  plane  as  the  upper  border  of 
the  pylorus,  but  in  which  the  pylonis  was  not  displaced  to  the 
left,  it  will  be  seen  that  in  2  cases,  Nos.  6  and  26,  the  liver  was 
as  high  or  higher  than  usual,  and  that  the  pylorus  had  been 
pushed  over  to  the  right  beneath  the  liver ;  in  the  first  case  by 
a  high  distended  colon,  and  in  the  second  case  by  a  full  stomach. 
In  case  27  the  liver  was  displaced  downwards  by  a  growth  in 
the  thorax,  chiefly  on  the  left  side,  and  the  left  part  of  the  liver 
being  tilted  down  depressed  the  lesser  curvature  some  distance 
from  the  pylorus.  In  case  33  the  liver  was  fatty,  but  did  not 
descend  much  lower  than  usual,  and  pressed  by  its  omental 
tuberosity,  as  in  the  last  case,  chiefly  on  the  lesser  curvature 
beyond  the  pyloru&  The  remaining  instance.  No.  38,  is  very 
instructive,  for  it  shows  how  little  even  an  enormously  dilated 
stomach  is  able  to  drag  the  pylorus  downwards  whilst  the  liver 
maintains  its  normal  level. 

SummiTig  wp  the  displacemerUs  of  the  pylorus  to  the  left^  the 
cases  show  clearly  that  the  liver  is  the  chief  determining  agents 
and  it  seems  that  we  could  from  these  cases  go  so  far  even  as 
to  say  that,  when  the  liver  i$  enlarged  and  spreads  downwards 
across  the  abdomen  at  a  low  levels  we  may  expect  the  pylorus  to 
be  pushed  to  the  middle  line  or  to  the  left  thereof. 

Although  a  consideration  of  these  cases  does  not  lead  us  to 
the  conclusion  that  a  pylorus  situated  to  the  left  of  its  normal 
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situation  is  particularly  associated  with  an  empty  condition  of 
the  stomach,  if  we  look  at  those  cases  in  which  the  pylorus 
is  situated  more  than  1  cm.  to  the  right  of  its  average  position, 
we  find  that  they  are  particularly  associated  with  a  well  filled 
or  distended  condition  of  the  stomach. 

(5)  DispUzcemerUs  of  the  Pylorus  to  the  right, — Symington  (10) 
pointed  out  how  the  left  overhanging  part  of  the  liver  is  tilted 
upwards  and  to  the  right  on  its  long  left  lateral  ligament 
hy  the  filling  stomach.  If  this  ligament  be  long  and  mem- 
branous— even  if  the  part  of  the  liver  overhanging  the  stomach' 
IS  somewhat  massive— the  distended  stomach  can  the  more 
readily  tilt  the  liver  upwards  and  to  the  right,  and  insinuate 
itself  further  to  the  right  underneath  the  liver.  The  strong 
attachment,  already  spoken  of,  of  the  pylorus  to  the  under  sur- 
face of  the  liver,  would  not  resist  a  considerable  movement  of 
the  pylorus  to  the  right,  as  it  does  to  the  left,  because  of  the 
obliquity  of  the  attaching  part  of  the  lesser  omentum. 

If  the  liver  be  looked  at  from  the  front,  a  fair  guide  to  the 
<legree  of  lateral  movement  it  has  undergone  may  be  obtained 
by  noticing  the  situation  and  direction  of  the  attachment  of 
the  falciform  ligament  on  its  anterior  surface.  On  the  diagrams 
of  the  liver  on  Plate  LIL,  and  on  the  composite  figures  of  each 
<»se,  with  the  exception  of  a  few  of  the  early  cases  in  which, 
unfortunately,  the  point  was  omitted,  the  attachment  of  the 
falciform  ligament  to  the  liver  is  indicated  by  interrupted  lines. 

Those  cases  in  which  the  pylorus  was  displaced  to  the  right 
-are  so  uniform,  that,  with  the  various  illustrations,  and  the 
points  already  mentioned,  it  will  be  sufficient  to  represent  them 
here  in  tabular  form ;  and  in  reading  the  table,  it  will  render 
the  matter  clearer  if  Plates  XLIII,  XLIV.  and  LII.  be  com- 
pared at  the  same  time. 

In  the  table  only  those  cases  are  represented  in  which  the 
pylorus  extended  35  cm.  or  more  to  the  right  of  the  middle 
lina 
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Case. 


14 

21 
26 

27 


11 
28 


29 
5 


10 


32 

28 
85 


Dittance  to  right  of  middle 

line  of  the  upper  border 

of  the  ^lonu. 


8*5  cm. 


f » 
ft 


4  cm. 


4*5  cm. 


>» 


)« 


5  cm. 


6  cm. 


REMARKS. 


Stomach  distended  and  low.  Liver  ^  a 
little  tilted,  low,  and  somewhat  enlarged. 
Colon,  no  special  feature. 

Stomach  full.  Liver  tilted.  Colon  very 
distended,  pressing  up  the  stomach. 

All  points  the  same  as  Na  14. 

Stomach  full,  thrown  into  folds.  Liver 
not  much  tilted.    Transverse  colon  nonnal. 

Stomach  moderately  filled.  Stomach  and 
liver  both  pushed  down  by  intra- thoracic 
growth.  Liver  not  tilted.  Colon  very  tor- 
tuous and  distended. 

Stomach  full.     Liver  tilted. 

Stomach  distended.  Liver  tilted  and 
much  pushed  over  to  the  right.  Colon 
distended. 

Ditto  in  all  respects. 

Stomach  full.  Liver  and  stomach  pushed 
up  and  to  the  right  by  distended  colon  and 
intestines. 

Stomach  very  distended.  Liver  pushed 
almost  entirely  to  the  right  of  the  middle 
line. 

Stomach  very  distended.  Liver  much 
tilted.    Transverse  colon  prolapsed. 

Stomach  very  distended.     Liver  tilted. 

Stomach  partly  filled,  thrown  into  folds. 
Liver  and  stomach  both  pushed  upwards 
and  to  the  right  by  an  enormously  dis- 
tended  colon.  Liver  almost  entirely  to  the 
right  of  the  middle  line. 

Stomach  distended.  Liver  lai^,  not 
much  tilted  to  the  right.  Colon  low  and 
tortuous. 


Movements  of  Stomach. 


In  this  place  it  will  be  couvenient  to  summarise  the  impres- 
sions received  concerning  the  movements  of  the  stomach. 

Although  there  were  so  many  cases  in  which  the  stomach  was 
well  filled  and  distended,  there  was  only  one  example  (case  32) 
of  the  condition  figured  by  Sjrmington  (10)  in  which  the  pylorus, 
in  the  distended  stomach,  was  situated  behind  a  portion  of  the 
stomach  that  had  extended  across  to  the  right  in  front  of  the 
pylorus. 

^  The  tilting  of  the  liver  is  of  the  left  lobe  to  the  right  and  upwards. 
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I  cannot  but  think  that  if  this  were  the  usual  condition  in 
distension,  more  examples  would  have  been  met  witL  In  cases 
^  and  38,  however,  a  portion  of  the  greater  curvature  passed 
well  to  the  right  beyond  the  pylorus,  though  at  a  lower 
level. 

In  those  cases  in  which  the  pylorus  ran  transversely,  or 
nearly  so  (Noa  21,  24,  32,  34,  and  38),  the  condition  was  clearly 
due  to  its  being  firmly  held  in  this  position  to  the  transverse 
fissure  of  the  liver.  We  have  seen  that  a  pylorus  well  over 
to  the  right  is  specially  associated  with  a  full  stomach ;  but 
those  cases,  as  I  have  indicated  at  various  times,  and  as  the 
figures  show,  by  no  means  include  all  those  in  which  the 
stomach  was  full ;  and,  moreover,  except  in  one  case.  No.  3,  the 
pylorus  did  not  tend  to  be  situated  markedly  to  the  left  of  its 
average  situation  when  the  stomach  was  empty.  I  do  not  think 
that  these  cases  warrant  us  in  concluding  that  during  filling  of 
the  stomach  the  pylorus  moves  more  than  2  cm.  to  the  right,  if 
at  all.  Movements  of  the  pylorus  to  the  left  have  already  been 
considered. 

Filling  of  the  Stomach. — As  regards  what  would  seem  to 
take  place  during  the  process  of  filling  of  the  stomach: — 
Apparently  the  stomach-bed  behind  is  first  occupied;  then 
the  greater  curvature  in  front,  to  the  left  of  and  below  the 
liver,  comes  to  the  abdominal  wall,  at  the  same  time  tilting 
'upwards  and  to  the  right  the  left  lobe  of  the  liver,  and  direct- 
ing the  lesser  curvature  somewhat  to  the  right  and  backwards ; 
then,  if  necessary,  the  stomach  extends  somewhat  to  the  right, 
downwards  and  forwards,  pressing  down  before  it  the  project- 
ing anterior  border  of  the  pancreas  and  the  transverse  meso- 
colon. 

Summaries. 

After  the  previous  detailed  statement  of  the  variations  in 
the  position  of  the  stomach,  particularly  of  its  two  orifices,  a 
nummary  of  the  chief  variations  of  the  other  'points'  will 
suffice. 

The  extreme  left  of  the  lesser  curvature  from  the  middle  line. — 
The  average  was  3*8  cm.  There  were  13  cases  in  which  the 
<listance  was  5  cm.  or  more,  up  to  7  cm.  in  case  13.    There  were 
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12  cases  in  vrhkb  the  distance  was  2'5  cm.  or  less,  down  to  '5 
cm.  in  case  35.  The  point  nearest  to  the  plane  of  KF.,  at 
which  the  lesser  curvature  attained  its  extreme  left,  aven^eA 
4-5  cm.  above  E.F.  There  were  16  cases  in  which  it  was  6  cql 
or  more,  up  to  9  cm.  (in  2  cases)  above.  There  was  one  case  in 
which  it  was  below  E.F.  (4  cm.  in  case  7);  and  4  cases  in 
which  it  corresponded  with  KF. 

T?ie  lesser  curvature  in  the  middle  line  as  to  E,F,  averaged 
1*9  cm.  above.  There  were  19  cases  in  which  it  corresponded 
with  KF.,  or  was  up  to  or  as  much  as  3  cm.  above.  There  were 
14  cases  in  which  it  was  more  than  3  cm.  above  E.F.,  up  to  7 
cm. ;  in  7  of  them  being  5  cm.  or  less  above.  In  3  cases  it  wa» 
up  to  1*5  cm.  below  KF.,  and  in  4  cases  was  more  than  this 
distance  below,  down  to  6*5  cm.  in  case  2. 

The  height  of  the  summit  of  the  stom/ich  above  KF.  averaged 
9*6  cm.  In  11  cases  it  was  11  cm.  or  more  above,  up  to  14*5 
cm.  in  case  10.  In  10  cases  it  was  8  cm.  or  less  above,  down  to 
6*5  cm.  in  cases  2  and  7. 

The  summit  of  the  stomach  as  to  the  infrasternal  notch  aver- 
aged '13  cm.  below.  In  24  cases  it  was  either  at  the  same  level 
or  below;  in  19  of  these  being  not  more  than  1*5  cm.  below. 
There  were  only  3  cases  in  which  it  was  more  than  35  cm. 
below.     In  the  lowest  instance,  case  37,  it  was  4*5  cm.  below. 

There  were  16  cases  in  which  the  summit  of  the  stomach 
was  above  the  level  of  the  infrasternal  notch;  in  9  of  them 
not  being  more  than  1*5  cm.  above.  The  highest  was  4*5  cm. 
above  in  case  10. 

ITie  point  along  the  plane  of  the  stimmit  of  tlie  stomach  whidt 
was  nearest  the  middle  line  averaged  5*1  cm.  away.  In  36  cases 
the  variation  was  not  more  than  1  cm.  either  way  from  the 
average.  One  wise.  No.  24,  was  3  cm.  Three  cases  were  beyond 
6  cm.,  the  extreme  being  8*5  cm.  in  case  1.  (In  the  light  of  later 
work  I  cannot  but  regard  some  of  the  measurements  recorded  in 
case  1  as  of  doubtful  accuracy.) 

The  extreme  left  of  the  greater  curvature  from  the  middle  line 
averaged  107  cm.  There  were  20  cases  more  than  the  average, 
and  20  cases  less.  Of  these,  16  cases,  each  way,  did  not 
approach  the  middle  line  nearer  than  9  cm.,  or  extend  more 
than  12  cm.  away  from  it. 
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The  distance,  therefore,  in  80  per  cent,  of  the  cases  was 
between  9  and  12  cm.,  inclusive,  from  the  middle  line.  Cases 
9  and  16  presented  the  extreme  distance  to  the  left,  13*5  cm. ; 
and  case  2  the  near  limit  of  8  cm. 

The  distance  of  the  pointy  in  a  vertical  plane  throv-gh  the  extreme 
left  of  the  greater  curvature,  which  was  nearest  to  E,F.  averaged 
3*5  cm.  above  that  line.  In  21  cases  it  ranged  from  2  cm. 
above  to  4  cm.  above,  inclusive ;  in  5  cases  from  4  cm«  to  6  cm. 
above,  inclusive  ;  4  cases  were  at  7  cm.  above,  and  2  beyond  this ; 
the  extreme  being  10  cm.  in  case  12.  In  the  remaining  8  cases, 
7  were  on  the  level  of  RF.,  and  1,  case  24,  4  cm.  below  it. 

The  greater  curvature  in  the  left  lateral  line  as  to  E,F.  averaged 
r2  cm.  below.  In  20  cases  the  distance  above  or  below  RF. 
did  not  exceed  2  cm.  either  way.  More  than  2  cm.,  up  to  and 
iQcluding  4  cm.,  there  were  5  additional  cases  each  way.  There 
were  2  cases  more  than  4  cm.  above  EJ".,  the  extreme  being  5*5 
cm.  in  case  40. 

There  were  8  cases  more  than  4  cm.  below  RF.,  and  4  of  them 
were  more  than  8  cm.  up  to  11*5  cm.  below,  in  case  35.  If  these 
four  lowest  cases  he  excluded,  the  level  of  the  greater  curvature  in 
the  left  lateral  line  would  he  KF.  exactly. 

The  greater  curvature  in  the  middle  line  as  to  E.F.  averaged 
2*5  cm.  below.  From  the  level  of  RF.,  up  to  and  including 
4  cm.  below,  there  were  25  cases — 62*5  per  cent.  There  were  4 
cases  up  to  or  as  much  as  2  cm.  above  RF. ;  and  3  cases 
higher  than  this,  the  extreme  being  4  cm.  above  in  case  31. 

The  remaining  8  cases  were  from  6  cm.  below  RF.  to  13 
cm.  below  in  case  2.  If  these  8  cases  of  low  stomachs  be 
excluded,  the  level  of  the  greater  curvature  in  the  middle  line 
in  the  remaining  80  per  cent,  of  the  cases  would  average  12 
cm.  below  RF.,  instead  of  2*5  cm. 


[Dksoription. 
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DESCRIPTION  OF  PLATES. 


Plate  LIL 


The  lines  from  the  whole  series  of  cases  shown  on  a  scale  repre- 
senting centimetres  in  relation  to  the  costal  arch,  the  middle  line  and 
E.F.  (a  line  drawn  transversely  across  the  body  through  a  point  mid- 
way between  the  upper  border  of  the  pubes  and  the  suprasternal 
notch). 

Plate  LIII. 

Curves  illustrating  various  points  in  connection  with  the  relation 
of  the  stomach  to  the  liver  and  the  transverse  colon,  and  of  the 
positions  of  the  orifices  of  the  stomach. 

Plate  LIV. 

Fig.  I.  Showing  the  position  of  the  parts  behind  the  stomach 
when  it  is  lowly  placed— case  36 — and  when  it  is  highly  placed— 
case  37. 

Fig.  2.  Curves  showing  the  relations  of  the  upper  border  of  the 
pylorus  and  the  lower  border  of  the  liver  in  the  same  horizontal  plane 
to  the  middle  line. 
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DESCEIPTION  OF  A  SPECIMEN  IN  WHICH  THERE  IS 
A  EUDIMENTAET  FIRST  RIB  ALONG  WITH 
THIRTEEN  PAIRS  OF  RIBS  AND  TWENTY-FIVE 
PRE-SACRAL  VERTEBRA  By  Alkx.  Low,  M.B., 
Senior  Assistant  in  the  Ariatomical  DepartmenUy  Aberdeen 
University, 

Thb  specimen  is  preserved  in  the  Anatomical  Museum,  and  was 
obtained  in  the  summer  session  1899,  in  the  course  of  practical 
work  in  the  department.  It  belonged  to  a  male  subject  who  had 
'died  from  malignant  disease  of  the  stomach. 

There  are  thirteen  ribs  on  either  side,  and  of  these  eight  pairs 
join  the  sternum. 

The.  Jirst  left  rii)  is  rudimentary,  and  presents  the  following 
-appearances : — Its  Tiead  articulates  with  the  body  of  the  eigJuK 
Tertebra,  and  also  slightly  with  the  lower  margin  of  the  body  of 
the  seventh ;  the  neck  is  well  developed,  but  rather  more  flattened 
than  that  of  the  first  rib  of  the  right  side ;  the  tuberosity  articu- 
lates with  the  transverse  process  of  the  eighth  vertebra^  and 
from  the  head  to  the  tuberosity  measures  30  mm.  From  the 
tuberosity  the  rib  bends  forwards,  almost  at  a  right  angle,  and 
17  mm.  in  front  of  tuberosity  there  is  a  false  joint,  from  this 
the  bony  part  of  the  rib  is  continued  for  a  distance  of  39  mnL, 
where  it  ends  in  rather  a  blunt  point,  covered  with  a  tip  of 
•cartilage,  which  is  connected  by  a  strong  fibrous  band  18  mm* 
in  length,  to  the  first  costal  cartilage.  This  cartilage  measures 
26  mm.  by  about  8  mm.  in  depth.  At  its  inner  extremity,  its 
lower  border  is  fused  with  the  upper  border  of  the  second  costal 
•cartilage  for  a  distance  of  10  mm. 

The  first  rib  on  the  rigJU  side  also  articulates  with  the  bodies 
of  the  seventh  and  eight  vertebrse,  but  otherwise  presents  all 
the  characters  of  a  normal  well  developed  first  rib. 

The  second  pair  of  ribs  are  normal  in  form  and  direction,  and 
articulate  by  their  heads  with  the  bodies  of  the  first  and  second 
thoracic  vertebrse,  while  their  costal  cartilages  join  the  manu- 
>brium — that  of  righ^  side  at  a  point  near  the  middle  of  the  border 
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of  Ibe  manubriuin,  that  of  left  side  joining  the  manubrinm  at  & 
higher  level. 

The  coBtal  cartilages  of  the  third  pair  of  ribs  join  the  sternum 
at  the  jnnction  of  the  manubrium  with  the  gladiolus. 

KelatioDS  of  the  soft  parts  on  the  left  side.     Both  inttrcosial 


muBcles  in  the  first  space  were  well  developed  The  amUnm 
aniima  arose  from  the  anterior  transverse  processes  of  the  fourtb, 
fifth,  and  sixth  vertebree,  but  mostly  from  the  sixth  traDSverae 
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process,  and  then  passed  between  the  vein  and  the  artery  to  be 
inserted  into  the  first  rib,a  little  behind  the  point  where  it  becomes- 
fibrous.  The  sttbdavitis  muscle  aroee  from  the  outer  end  of  the 
first  cartilage.  The  scalenus  medius  wid  posticus  were  attached  to- 
the  upper  sorface  of  the  first  rib,  just  in  front  of  its  tuberosity,  and 
also  both  to  the  second  rib  near  its  angle.  The  subclavian  artery 
passed  over  the  first  rib,  lying  on  a  slightly  smooth  surface  out- 
side the  attachment  of  the  scalenus  anticus.  The  vertebral  artery 
passed  through  the  transverse  process  of  the  sixth  vertebra.  The 
posterior  scapular  artery  came  off  the  subclavian  at  the  outer 
border  of  the  scalenus  anticus.  Tlie  deep  cervical  artery  passed 
between  the  anterior  divisions  of  the  eighth  and  ninth  spinal 
nerves  and  under  the  transverse  process  of  the  seventh  vertebra. 
The  greater  part  of  the  ninth  nerve  passed  up  over  the  neck  of 
the  first  rib  to  join  a  division  of  the  eighth,  helping  to  form  the 
brachial  plexus,  which  was  normal. 

It  is  of  interest  to  note  that  in  both  upper  extremities  there 
was  a  third  head  to  the  hiceps. 

The  twelfth  pair  of  ribs  articulate  with  the  upper  border  and 
pedicles  of  the  nineteenth  vertebra,  and  slightly  with  the  disc 
above — they  have  no  tubercles.  Both  are  sloped  well  down- 
wards and  forwards,  and  the  free  extremity  of  each  is  tipped 
with  cartilage.  The  right  measures  in  length  135  mm.,  and  in 
depth  about  10  mm. ;  the  left  is  of  exactly  the  same  dimensions. 

The  thirteenth  rib  on  the  right  side  is  41  mm.  long  and  5  mm, 
in  depth.  Its  head  articulates  with  the  body  and  partly  with 
the  pedicle  of  the  twentieth  vertebra ;  its  free  end  is  blunt  and 
has  no  cartilaginous  tip.  The  left  thirteenth  rib  is  69  mm. 
long  and  7  mm.  broad,  and  has  a  thick  rounded  head,  articulat- 
ing with  the  body  and  pedicle  of  the  twentieth  vertebra ;  its 
tip  is  pointed  and  covered  with  cartili^e. 

The  vertebral  column  is  peculiar  in  that  there  are  twenty-five 
pre-sacral  vertebrae.  In  the  cervical  region  the  foramen  in  the 
left  transverse  process  of  the  fourth  vertebra  and  also  the 
foramina  in  both  transverse  processes  of  the  sixt'  re  divided 
'into  two  compartments — a  larger  antero-internal  and  a  smaller 
postero-extemal. 

The  severUh  vertebra  has  all  the  characters  of  an  ordinary  last 
cervical  vertebra.     Its  spine  is  long,  and  ends  in  a  tubercle ;  it& 
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transverse  processes  show  hardly  any  indication  of  au  anterior 
tubercle ;  tbere  is  no  projection  downward  of  the  anterior  ma^ 
of  its  body,  but  there  is  a  pur  of  small  half  eoital  faceU  on  iU 
lower  border. 

The  t^hih.  vertebra  is  exactly  like  a  normal  first  thoradc,  oolj 


there  is  a  pair  of  costal  half  facets  on  the  upper  border  of  its 
body  as  well  as  corresponding  half  facets  on  its  lower  border. 

The  nvMifiiih  vertebra  carries  the  twelfth  pair  of  ribs  which 
articulate  with  the  upper  margin  of  its  body  and  pedicle,  and 
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verj  slightly  with  the  lower  border  of  the  eighteenth  vertebra, 
otherwise  it  has  the  characters  of  a  normal  last  thoracic  vertebra. 
The  tweniieth  vertebra  carries  the  thirteenth  pair  of  ribs  which 
articulate  near  the  upper  margin  of  its  body  and  pedicle  on 
either  side.  Its  spine  slopes  downwards  rather  more  than  that 
of  a  normal  first  lumbar  vertebra ;  its  transverse  processes  have 
more  the  character  of  those  of  a  last  thoracic  vertebra,  their 
superior  tubercles  being  directed  upwards  and  inwards;  its 
superior  articular  processes  are  35  mm.  apart,  while  the  inferior 
are  28  mm.  apart. 

The  twenty-fourth  vertebra  presents  the  appearances  of  a 
normal  last  lumbar :  its  transverse  processes  are  triangular  and 
point  upwards ;  its  upper  articular  processes  are  44  mm.  apart, 
the  lower  54  apart. 

The  twenty-fifth  vertebra  has  also  the  characters  of  a  normal 
last  lumbar  vertebra,  but  its  transverse  process  on  the  right 
side  is  much  thicker,  while  the  lower  border  of  the  left  trans- 
verse process  is  prolonged  downwards,  and  is  united  with  an 
uprising  from  the  wing  of  the  sacrimi.  Its  upper  articular  pro- 
cesses are  55  mm.  apart,  the  lower  54  mm. 

The  sacrum  measures  93  mm.  from  above  down,  and  108  mm. 
from  side  to  side,  and  is  made  up  of  five  pieces,  the  transverse 
portion  of  the  last  being  imperfect  on  the  right,  so  that  there  are* 
only  three  sacral  foramina  on  that  side. 

The  coccyx  consists  of  three  pieces — the  first  piece  has  no 
comua  and  no  transverse  processes,  so  that  it  is  like  a  normal 
second  coccygeal  vertebra.  The  last  two  pieces  are  mere  rounded 
nodules  closely  fused.  The  last  piece  of  sacrum  is  evidently 
formed  by  the  first  coccygeal  vertebra  having  become  ossified  on 
to  it.  Its  comua  are  also  united  to  those  of  sacrum — on  the 
left  side  the  line  of  junction  is  cartilaginous,  on  this  side  also  its 
transverse  process  is  prolonged  upwards,  and  is  ossified  on  to  the 
inferior  lateral  angle  of  the  sacrum. 

The  sternum  is  joined  by  eight  pairs  of  rib  cartilages,  the 
eighth  rib  on  each  side  joining  at  the  angle  between  gladiolus 
and  ensiform.  The  manubrium  measures  59  mm.  long  and 
66  mm.  at  its  broadest,  but  it  narrows  below  so  as  to  be  only 
30  mm.  broad  where  it  joins  gladiolus — each  lateral  border  of 
manubrium  has  two  complete  facets  for  rib  cartilages,  and  one- 
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Eemarks. — The  chief  feature  in  this  specimen  is  the  combina- 
tion  of  abnormalities  it  presents ;  for  although  any  one  of  these 
abnormalities  is  not  uncommon,  it  must  be  rare  to  have  so  many 
in  a  single  specimen.  Lane  describes  a  somewhat  similar  speci- 
men in  the  Jour,  of  Anai.  and  Phys,,  xix.  p.  266, 1881.  In  his 
•case  the  rudimentary  rib  was  associated  with  a  like  condition  of 
the  sternum,  and  also,  as  in  the  present  case,  there  was  a  third 
head  to  the  biceps  in  both  arms.  Lane  regarded  his  specimen 
as  an  example  of  a  supernumerary  cervical  vertebra  bearing  ribs. 
In  the  present  instance  there  seems  no  doubt  but  that  the  extra 
vertebra  is  the  first  sacral,  the  forward  shifting  of  the  pelvis 
having  been  arrested  at  the  twenty-sixth  vertebra,  a  condition 
which  is  frequently  associated  with  a  thirteenth  rib.  Wieders- 
heim  states  that  the  thirteenth  rib,  which  always  appears  in 
the  embryo,  begins  to  degenerate  as  soon  as  the  twenty-fifth 
vertebra  is  incorporated  in  the  sacrum.  So  that  in  this  speci- 
men we  have  the  foetal  condition  of  the  lumbar  region  persist- 
ing in  the  adult,  and  associated  with  a  rudimentary  first  thoracic 
rib. 


END0PHLEBITIS.1    By  Abthur  V.  Meigs.    (Plate  LV.) 

I  SHALL  relate  the  history  of  a  patient  and  describe  the  appear- 
ances of  a  minute  diseased  vein  that  was  removed  from  his  foot 
Disease  of  the  veins  has  been  by  no  means  exhaustively  studied, 
and  the  clinical  history  of  the  case  is  interesting,  for  it  demon- 
strates that  there  was  also  extensive  disease  of  the  arteries. 
The  word  '  endophlebitis '  has  been  used  to  describe  the  disease 
of  the  vein,  although  it  is  not  a  word  which  can  be  said  to  be  in 
common  use.  This  is  not  the  invention  of  a  new  word,  but 
simply  the  addition  of  a  prefix  to  one  which  is  in  common  use. 
The  reason  I  have  added  the  prefix  is,  because  the  term  phlebitis^ 
is  most  often  used  in  medicine  to  describe  the  disease  which  is 
commonly  called  '  milk  leg,'  and  other  inflammations  of  veins. 
Therefore,  if  I  had  called  the  disease  of  the  vein  phlebitis,  it 
would  probably  have  conveyed  a  wrong  impression.  Besides, 
the  changes  in  the  vein  correspond  almost  exactly  with  the 
disease  in  arteries  which  is  called  endarteritis,  and  it  seemed 
desirable  to  have  a  name  which  should  stand  in  contrast  witb 
that  of  endarteritis,  and  thus  call  attention  to  the  similarity  of 
the  disease  of  the  two  kinds  of  blood-vessels. 

An  Italian  stone-mason,  twenty-five  years  of  age,  was  admitted 
to  the  Pennsylvania  Hospital,  February  27, 1899.  There  waa 
no  history  of  hereditary  disease  in  his  family.  He  had  had 
syphilitic  infection  a  year  and  a  half  ago,  and  he  drank  occasion- 
ally, but  not  to  excess.  He  never  was  sick  in  his  life  until 
January,  when  he  had  an  attack  of  sickness  which  he  called 
'  grippe,'  and  which  lasted  two  weeks ;  from  this  he  recovered 
and  returned  to  work.  Ten  days  before  coming  to  the  hospital 
he  was  seized  with  vomiting  and  pain  after  drinking  some  beer. 
There  was  no  diarrhoea,  but  the  pain  continued.  It  was  in  the 
epigastrium  and  in  the  chest  and  lumbar  region,  and  there  was 
prsecordial  distress,  and  at  times  shortness  of  breath  and  head- 

^  Read  at  the  Meeting  of  the  Pathological  Society  of  Philadelphia,  held 
Nov.  9, 1899. 
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ache,  but  no  cough  nor  swelling  of  the  feat    Physical  exaniina^ 
tion  gave  the  following  results : — The  heart  action  was  slow  and 
exceedingly  irregular,  but  not   tumultuous.      There  was  no 
evidence  of  cardiac  enlargement  nor  of  valvular  disease.     Often 
when  the  heart-beat  was  irregular  if  he  lay  in  bed,  it  would 
become  regular  if  he  sat  up.    The  radial  arteries  felt  stiffer  than 
natural,  the  right  more  than  the  left,  and  their  pulsation  was 
visible.     The  ulnars,  temporals,  carotids,  and  femorals  seemed 
to  be  natural     The  left  dorsalis  pedis  pulsated  visibly  and  felt 
very  thick,  but  there  was  no  discoverable  disease  of  the  right. 
A  small  vein  which  extended  across  the  right  foot  about  an 
inch  from  the  roots  of  the  toes,  and  which  received  branches 
from  the  superficial  veins  of  the  toes,  could  be  felt  to  be  dis- 
tinctly thickened.    As  this  vein  lay  directly  beneath  the  skin 
its  unnatural  thickness  could  easily  be  distinguished  by  passing 
the  finger  back  and  forth  across  it,  especially  where  it  crossed 
the  tendons,  which  made  a  firm  background  against  which  to 
press  it     It  felt  like  a  minute  cord  instead  of  almost  disappear* 
ing  when  compressed,  as  a  healthy  vein   will  do   when  felt 
through  the  skin.    The  corresponding  vein  of  the  left  foot  also 
was  much  thicker  than  natural,  but  less  than  the  one  that  has 
been  described.    As  the  patient  said  he  was  quite  willing,  a 
short  incision  was  made  through  the  skin,  and  a  small  piece  of 
the  thickened  vein  was  removed  from  the  right  foot.     In  the 
removal  blue  venous  blood  was  seen  in  the  vessel,  proving  that 
it  was  a  vein.    When  the  cut  end  of  the  vein  was  examined 
with  a  hand  lens,  it  was  seen  to  be  almost  solid ;  there  remained 
only  a  very  small  opening.    Examination  of  the  lungs,  liver, 
spleen,  and  abdomen  was  quite  negative,  and  there  was  no  evi- 
dence of  any  cerebral  disease.     The  urine  was  examined  several 
times  and  nothing  unnatural  found.     When  first  admitted  to 
the  hospital  the  patient  was  put  to  bed  and  given  digitalis,  as 
it  was  thought  he  was  suffering  more  from  heart  disease  than 
from  anything  else.   As  he  improved  but  little,  he  was  afterwards 
given  salicylates  and  then  put  upon  alkaline  treatment,  and  later 
iodides  were  tried.     Sometimes  he  was  kept  in  bed,  and  at 
others  was  allowed  to  be  up  and  about  the  ward.    No  treat- 
ment afforded  more  than  temporaiy  relief,  and  at  the  end  of 
two  months  he  was  still  suffering  with  constant  pain  in  the 
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chest  and  down  the  arms,  this  being  so  severe  that  he  said  he 
slept  very  Uttle.  The  heart  action  was  always  slow  and 
irregular.  At  the  end  of  two  months  he  was  lost  sight  of,  and 
nothing  is  known  of  the  subsequent  history. 

The  illustrations  are  etchings  which  were  made  with  the 
camera  lucida ;  the  images  of  the  objects  under  the  microscope 
were  reflected  directly  upon  the  steel  plate,  and  drawn  with  the 
Qeedle.  They  are  therefore,  as  nearly  as  possible,  correct  in 
dimension  and  detail.  The  pictures  are  of  two  sections  of  the 
vein  from  the  right  foot,  and  the  parts  represented  were  sepa- 
rated by  less  than  a  quarter  of  an  inch.  Both  views  show  the 
vessel  to  be  almost  closed.  The  vein  appears  as  a  nearly  solid 
cord,  instead  of  being  a  thin-walled  tube,  as  natural  veins  are. 
The  material  filling  the  calibre  is  represented  in  the  two  pictures 
as  being  very  different.  In  the  upper  one  there  is  a  good  deal  of 
thickening  of  the  intima,  but  much  the  greater  part  of  the  thick- 
ened tissue  is  the  muscular  coat,  outside  of  which  is  the  adventitia, 
which  presents  no  evidence  of  disease.  The  intima  is  composed 
of  fibrous  tissue,  in  which  the  nuclei  are  easily  distinguished, 
and  the  small  slit-shaped  opening  is  lined  by  a  fringe  of  endo- 
thelial nuclei.  Such  an  appearance  of  the  intima  and  of  the 
calibre  is  common  in  diseased  arteries.  The  muscular  wall,  on 
the  other  hand,  which  occupies  quite  two-thirds  of  the  entire 
thickness  of  the  vessel  wall,  is  unlike  anything  that  I  have  pre- 
viously seen  in  diseased  blood-vessels.  Although  it  is  correct  to 
call  it  the  muscular  coat,  by  no  means  all  of  it  is  muscular  tissue. 
The  muscle  fibres,  with  their  long,  narrow  nuclei,  are  well  repre- 
^nted  in  the  drawing ;  but  it  is  also  seen  that  the  bands  have 
been  separated  and  thrown  into  wavy  lines  by  a  material  which 
has  grown  in  the  midst  of  the  muscular  tissue,  and  has  distorted 
it  This  tissue  is  represented  by  the  lighter  coloured  areas  in 
the  picture,  and  they  also  contain  many  nuclei,  but  these  are 
different  in  appearance  from  the  muscular  nuclei  Evidently  a 
morbid  fibroid  tissue  has  grown  in  the  muscularis,  and  at  its  ex- 
pense. The  appearances  here  represented  are  a  more  graphic 
demonstration  than  anything  I  have  previously  met  that  it  is 
an  error  to  call  this  increase  of  thickness  of  the  muscular  coat  a 
hypertrophy,  as  is  commonly  said  of  it  when  it  occurs  in  arteries, 
and  that  it  is  unreasonable  to  believe  it  can  add  to  the  power 
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of  Dseful  contractility  of  vessela  The  lower  picture  is  very 
•different  from  the  upper  one,  but  a  careful  examination  of  it 
reveals  that  the  disease  which  distorted  the  two  parts  of  the 
vein  had  worked  in  a  somewhat  similar  manner  in  both  parts. 
The  most  striking  characteristic  is  the  large  knots  of  twisted 
tissue  which  fill  up  a  great  part  of  the  calibre  of  the  vein. 
These  masses  resemble  the  knots  that  are  formed  by  a  large 
number  of  earthworms  together,  and  they  are  the  result  of  a 
growth  of  the  intima,  which  was  so  rapid  as  to  outstrip  the 
growth  of  other  parts  of  the  vein,  so  that  the  calibre  could  con- 
tain them  only  when  coiled  and  twisted. 

There  are  parts  of  the  calibre  where  the  intima  is  moderately 
thickened  and  the  endothelial  cells  are  distinct  in  places^  but 
they  are  generally  somewhat  enlarged  and  more  rounded  than  is 
natural,  and  few,  if  any,  of  them  appear  as  flat  plates  upon  the 
inner  side  of  the  vessel.  There  is  great  thickening  of  the  muscular 
coat,  but  this  is  less  in  degree  than  that  represented  in  the  upper 
picture ;  and  in  places  the  muscularis  and  intima  run  together 
in  such  a  way  that  it  is  impossible  to  say  where  the  one  ends 
and  the  other  begins.  The  disease  has  gone  so  far  that  the 
muscular  tissue  bears  little  resemblance  to  natural  muscle,  and 
the  intima  as  little  to  the  natural  intima  of  veins.  Disease  often 
totally  changes  the  appearance  of  tissues,  and  this  reminds  one 
that  at  early  embryological  stages  the  various  organs  are  so 
much  alike  that  they  can  be  recognised  with  the  microscope  only 
by  their  situations,  and  not  by  the  arrangement  or  appearance 
of  their  cells.  It  seems  as  if  disease  is  sometimes  of  the  nature 
of  a  retrogression.  The  diseased  tissues  lose  their  natural  char- 
acteristics, and  fall  back  toward  the  lackof  differentiation  which 
is  natural  in  the  tissues  of  early  embryos.  The  cause  which 
seems  to  have  the  greatest  influence  in  bringing  about  this 
retrogression  is  the  growth  of  morbid  fibroid  tissue.  In  the 
forms  of  disease  represented  by  the  two  pictures,  the  most 
striking  feature  in  both  is  the  growth  of  morbid  fibroid  tissue  in 
the  intima  and  in  the  muscularis. 

The  disease  that  has  been  described,  and  which  is  shown  by 
the  pictures,  would  be  attributed  by  most  persons  to  syphilis,  as 
the  patient  said  he  had  been  infected,  and  this  explanation  would 
generally  be  considered  to  be  satisfactory  and  conclusive.     It 
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may  be  that  the  disease  was  syphilis,  and  there  is  no  other 
cause  at  hand  which  better  explains  the  disease  of  the  vein,  the 
extensive  endarteritis,  and  the  disease  of  the  heart  which  the^ 
physical  examination  of  the  patient  demonstrated.    There  is 
good  reason  for  believing  that  syphilis  produces  such  vascular 
disease,  but  it  would  be  a  mistake  to  suppose  that  syphilis  onlj 
can  cause  it.     I  know  that  such  is  not  the  case,  as  I  have  inmj 
possession  sections  of  the  radial  artery  of  a  negro  man  of  twenty- 
four  years  of  age,  who  died  of  tabes  mesenterica  and  pulmonary 
tuberculosis,  which  are  in  a  similar  state  of  disease.    There  iS' 
the  same  overgrowth  of  the  intima  and  the  formation  of  convolu- 
tions, and  the  muscular  coat  is  thick  and  the  calibre  nearly 
closed.     I  have  also  sections  of  the  radial  vein  of  a  boy  of  fifteen^ 
who  died  of  meningitis,  after  an  illness  of  about  three  months^ 
and  these  show  similar  disease.     It  is  not  uncommon  to  find  the 
muscular  coat  of   the  radial  veins  thickened  and  the  fibres^ 
separated  by  the  growth  of  morbid  fibroid  tissue  in  persons 
whose  radial  vessels  had  been  felt  during  life  to  be  thickened. 
In  my  book  on  the  Origin  of  Disease  ^  there  is  a  picture  of  a  por- 
tion of  vena  cava  of  a  man,  fifty-seven  years  old,  who  died  of 
Bright's  disease,  which  shows  thickening  of  the  muscular  coat 
and  separation  of  its  fibres.    Since  similar  changes  of  the  veins- 
have  been  found  in  persons  suffering  with  other  diseases,  and 
who  were  not  syphilitic,  it  would  be  an  error  to  emphasise  too- 
much  the  fact  that  in  the  case  under  consideration  the  patient 
had  been  infected  with  syphilis.     It  is  now  well  known  that  the 
form  of  endarteritis  which  used  to  be  considered  to  be  syphilitic,, 
arises  also  from  a  variety  of  other  causes.     Diseases  of  veins 
have  not  yet  been  very  thoroughly  studied,  by  no  means  sa 
thoroughly  as  arterial  disease,  and  it  is  probable  that  the  veins^ 
are  much  more  subject  to  disease  than  is  now  known.    The 
opportunity  afforded  by  the  case  that  has  been  narrated  was 
exceptional,  as  the  vein  was  obtained  during  the  life  of  the 
patient,  and  it  was  possible  to  be  certain  that  it  was  a  vein, 
otherwise  it  would  very  probably  have  been  mistaken  for  aa 
artery,  as  there  is  nothing  to  distinguish  the  two  sorts  of  vessels 
when  they  are  diseased.     It  is  probable  that  there  is  something 
in  the  nature  of  the  muscularis  of  veins  that  makes  it  peculiarly 

^  The  Origin  of  Disease^  by  Arthur  Y.  Meigs,  p.  69,  and  fig.  86. 
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liable  to  such  disease  as  that  shown  by  the  plate.     I  have  uever 
seen  anything  exactly  like  it  in  the  muscularis  of  an  artery; 

Nothing  has  yet  been  said  of  the  clinical  aspect  of  the  case, 
although  it  is  as  valuable  clinically  as. it  is  pathologically;  but 
the  results  of  clinical  study  are  less  certain  and  graphic. 

The  case  was  one  of  disease  of  the  heart  and  of  the  blood- 
vessela  My  experience  has  taught  me  to  believe  that  it  is  rare 
for  one  of  the  great  organs  to  be  diseased  and  the  others  to  remain 
healthy.  Even  when  there  is  clinical  evidence  of  disease  of 
-only  one  organ,  others  are  generally  involved.  This  I  have 
.learned  from  the  study  of  pathology,  for  I  have  generally 
iound  that  in  cases  which  during  life  had  been  recognised 
from  the  symptoms  as  instances  of  heart  disease  or  of  kidney 
•disease,  there  was  disease  of  other  organs,  which  was  easily 
recognised  if  it  was  sought  for  after  death.  It  is,  there- 
fore, highly  probable  that  in  the  case  under  consideration  there 
was  more  disease  than  was  revealed  by  the  history  of  the 
patient  and  the  physical  examination.  The  disease  of  one  vein 
of  the  right  foot  has  been  described,  and  it  is  certain  that  there 
was  similar  disease  of  the  corresponding  vein  of  the  other  foot, 
for  it  also  was  stiff.  It  was  mentioned  that  a  number  of  the 
arteries  were  seen  to  pulsate  visibly  and  were  felt  to  be  stiff. 
These  are  certain  indications  of  disease,  and  I  speak  so  posi- 
tively because  I  have  frequently  made  microscopical  examina- 
tions after  death  of  arteries  that  I  had  ascertained  during  life  to 
be  stiffened  and  to  pulsate  visibly,  and  invariably  I  have  found 
disease.  It  has  been  said  that  there  was  disease  of  the  heart, 
and  I  feel  sure  that  such  must  have  been  the  case,  although  the 
evidences  of  this  were  only  the  slowness  and  irregularity  of  the 
beat  and  the  pain  in  the  chest,  in  the  prsecordial  region,  and  ' 
•down  the  arm.  Even  in  the  absence  of  any  direct  physical 
sign  of  cardiac  enlargement  or  of  valvular  disease,  I  am  certain 
there  must  have  been  grave  organic  disease  of  the  heart. 
Probably  it  was  degeneration  of  the  muscular  tissue,  and  it  was 
this  heart  disease  that  was  the  true  cause  of  the  man's  symp- 
toms and  disability,  rather  than  the  disease  of  the  blood-vessels 
or  auy  other  undiscovered  lesion.  Thus  the  case  is  clinically  an 
interesting  one,  but  the  lessons  which  are  taught  by  it  clinically 
are  less  striking  than  those  which  its  pathology  teaches. 
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DESCRIPTION  OF  PLATE  LV. 
(The  scale  on  the  Plate  applies  to  the  figures  A  and  B.) 

A  (  X  56). — Section  of  vein  almost  closed  by  thickening  of  the 
miiscularis.  The  thickened  musoularis  is  only  partly  composed  of 
true  muscular  tissue,  which  has  been  torn  apart  and  thrown  into 
wavy  strands  by  morbid  fibroid  tissue  which  has  grown  in  it  x,  the 
line  of  separation  of  the  fibrous  coat  from  the  muscularis ;  y,  the  line 
of  separation  of  the  muscularis  from  the  intima.  All  the  tissue 
between  x  and  y  is  muiscularis ;  the  thickening  is  veiy  great.  At  y 
the  separation  of  muscularis  from  intima  is  .clearly  marked,  but  at 
other  parts  of  the  circuit  there  is  no  distinguishable  boundary-line. 
The  intima  is  much  thickened,  but  not  so  much  as  the  muscularis^ 
The  calibre  is  beaded  with  endothelial  nuclei,  z  is  an  area  repre- 
sented more  highly  magnified  by  D. 

B  (  X  56). — Another  section  of  the  same  vein,  showing  also  great 
thickening  of  the  walls,  but  of  a  different  character.  The  opening  is 
almost  filled  by  irregular  projections  from  the  intima.  One  of  these 
(o)  is  composed  of  the  plicated  membrane,  which  is  curiously  folded 
and  knotted.  There  is  another  somewhat  similar  knot  of  smaller 
size,  and  several  irregularly-shaped  projections  of  the  intima,  which 
fill  a  large  portion  of  the  calibre.  The  muscularis  is  irregularly 
thickened.  Parts  of  it  are  hard  to  recognise  as  involuntary  muscle, 
being  more  like  morbid  fibroid  tissue,  p  is  distinctly  muscular 
tissue,  m  shows  the  muscularis  and  intima  shading  together  with- 
out a  distinguishable  line  of  separation,  n  marks  a  spot  where  the 
separation  of  the  two  coats  is  distinct. 

C  (  X  220). — A  portion  of  the  muscularis  from  A,  more  highly 
magnified.  It  shows  the  character  of  the  long  and  narrow  nuclei  ot 
the  involuntary  muscle. 

D  (  X  220). — The  region  z  from  A,  more  highly  magnified.  The 
central  portion  is  morbid  fibroid  tissue,  showing  a  fine  mesh  and  con- 
taining a  single  connective-tissue  nucleus.  Outside  of  this  is  muscu- 
lar tissue  containing  the  elongated  muscular  nuclei.  This  shows  the 
manner  in  which  the  muscular  tissue  is  torn  apart  by  the  growth  of 
the  morbid  fibrous  tissue. 


Jour.  DfAiuU.  and  Phy.,  Juiy  1900.] 
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ON  THE  ORIGIN  OF  VEETEBRATES,  DEDUCED  FROM 
THE  STUDY  OF  AMMOCCETES.  By  Waltbe  H. 
Gaseell,  M.D.,  LL.D.,  F.R.S^  University  Lecturer  on 
Physiology;  Fellow  of  Trinity  Hail,  Cambridge.  Parts 
v.,  VI.,  VII.,  VIII.    (Platks  LVI.,  LVII.) 

Pakt  V. — On  the  Origin  of  the  Pro-otic  Segmentation  ;  the 
Meaning  of  the  Trigeminal  and  Ete-Muscle  Nerves. 

In  my  last  paper  I  completed  the  history  of  the  cranial  nerves 
which  supplied  the  branchial  segments,  i.e.,  of  the  nerves  which, 
according  to  my  theory,  originally  supplied  mesosomatic  appen- 
dages ;  I  now  come  to  the  consideration  of  the  nerve  group  iu 
front  of  these  nerves,  ic,  the  trigeminal  nerve  group,  or  the  pro- 
otic  segmental  nerves ;  nerves  which,  according  to  the  theory, 
formed  originally  the  group  of  prosomatic  nerves.  This  group 
consists  of  the  trigeminal  as  the  nerve  supplying  the  visceral  or 
splanchnic  segments  with  motor  fibres,  and  the  eye-muscle  nerves 
supplying  the  corresponding  somatic  segments,  while  the  trigem- 
inal supplies  both  the  somatic  and  splanchnic  segments  with 
sensory  fibres,  with  the  exception  of  the  eye-muscles  themselves. 
In  accordance,  then,  with  the  nerves  of  the  branchial  segments, 
it  follows  that  the  muscles  supplied  by  the  motor  part  of  the 
trigeminal  ought  to  have  originally  moved  the  appendages 
belonging  to  a  series  of  prosomatic  segments,  and  therefore  we 
may  expect  to  find  evidence  of  such  appendages  in  the  lowest 
vertebrate.  On  the  other  hand,  the  eye-muscles  ought  to  have 
originally  belonged  to  the  prosomatic  segments  themselves,  and 
must  therefore  have  been  grouped  originally  in  a  segmental 
series  corresponding  to  the  prosomatic  appendages. 

The  Prosomatic  Appendages  of  the  Merostomata. 

In  order  to  make  the  problem  quite  clear  to  the  minds  of  my 
readers,  it  is  advisable  to  sketch  out  the  nature  of  the  prosomatic 
segments  and  appendages  in  the  Merostomata  before  proceeding 
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to  the  description  of  the  peculiarities  of  this  region  as  seen  in 
AmmocoeteSi  so  as  to  show  what  we  might  reasonably  expect  to 
find  in  Ammocoetes,  if  in  this  region,  as  in  the  opisthotic  or  meso- 
somatic  region,  it  is  possible  to  institute  a  direct  comparison 
between  Ammocoetes  and  these  old-world  scorpion  forms. 

In  all  this  group  of  animals  the  evidence  of  the  number  of 
segments  in  either  the  prosomatic  or  mesosomatic  regions  is 
given  by — 

1.  The  number  of  appendages. 

2.  Apart  from  the  appendages,  the  segmental  arrangement  of 
the  muscles  of  the  prosoma  or  mesosoma  respectively. 

3.  The  segmental  arrangement  of  the  coelomic  or  head  cavities. 

4.  The  divisions  of  the  central  nervous  system  or  neuromeres, 
together  with  their  outgoing  segmental  nerves. 

It  follows,  therefore,  that  if  from  any  cause  the  appendages  are 
not  apparent,  as  in  many  fossil  remains,  or  have  dwindled  away 
and  become  insignificant,  we  still  have  the  muscular,  coelomic, 
and  nervous  arrangements  left  to  us  as  evidence  of  segmentation 
in  these  animals,  just  as  in  vertebrates. 

In  this  prosomatic  region  we  find  in  Limulus  the  same 
tripartite  division  of  the  nerves  as  in  the  mesosomatic  region,  so 
that  the  nerves  to  each  segment  may  be  classed  as  (1)  appendage 
nerve ;  (2)  sensory  or  dorsal  somatic,  supplying  the  prosomatic 
carapace ;  (3)  motor  or  ventral  somatic,  supplying  the  muscles 
of  the  prosoma,  and  containing  possibly  some  sensory  fibres. 
The  main  difference  between  the  two  regions  in  Limulus  consists 
in  the  closer  aggregation  of  the  prosomatic  nerves,  corresponding 
to  the  concentration  of  the  separate  ganglia  of  origin  in  the  pro- 
somatic region  of  the  brain. 

The  number  of  prosomatic  segments  in  Limulus  is  not  evident 
by  the  observation  of  the  prosomatic  carapace,  so  that  the  most 
reliable  guide  to  the  segmentation  of  this  region  is  given  by  the 
appendages,  of  which  one  pair  corresponds  to  each  prosomatic 
segment. 

The  number  of  such  segments,  according  to  present  opinion,  is 
seven,  viz. : — 

(1)  The  foremost  segment,  which  bears  the  chelicerse ; 

(2,  3,  4,  5,  6)  The  next  five  segments,  which  carry  the  paired 
locomotor  appendages ;  and 
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(7)  The  last  B^ment,  to  which  belongs  a  small,  abortive 
:pair  of  appendages  known  by  the  name  of  the  chilaria,  situated 
between  the  last  pair  of  locomotor  appendages  and  the  oper- 
•cuhmi  or  first  pair  of  mesosomatic  appendages.  These  appen- 
dages are  numbered  from  1-7  in  the  accompanying  drawing 

•(fig.  1). 

Of  these  seven  pairs  of  appendages  the  signification  of  the 
first  and  the  last  has  been  matter  of  dispute.    With  respect  to 


IFio.  1. — ^Ventral  surface  of  Limulus  (taken  from  Eishinonye).  The  gnathic  bases 
of  the  appendages  have  been  separated  from  those  of  the  other  side  to  show 
the  promesostemite  or  endostoma  (End.). 


the  first  pair,  or  the  chelicerse,  the  question  has  arisen  whether 
their  nerves  belonged  to  the  infra-oesophageal  group,  or  were  in 
reality  supra-cesophageal. 

It  is  instructive  to  see  the  nature  and  the  anterior  position  of 
this  pair  of  appendages  in  the  allied  sea  scorpions,  especially  in 
Pterygotus,  where  the  only  chelate  organs  are  found  in  these 
long,  antenna-like  chelicerae.    In  Slimonia  and  in  Stylonurus 
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they  are  supposed  by  Woodward  ^  to  be  represented  by  the  small 
non-chelate  anteniue  seen  in  figs.  2  B  and  c,  taken  from  Woodwarl 


Flo.  2.— A,  Ptei7gDtiu  OtilieoBU  (from  Scbmidt. 

B,  StjloDunu  Logani  (from  Woodwtrd). 

C,  SlimoniB  acuminsta  (from  Woodward). 

If  Biich  is  the  case,  then  theae  figures  show  that  a  pair  of  appen- 
dages is  missing  in  each  of  these  forms,  for  they  possess  only  five 

'  "  A  Monograph  of  the  British  Foaail  Crastacea,  balonginf;  to  thfl  oidar  IleiO' 
Btom»t«,"  by  H.  Woodward,  Pateontographieal  Sooid^,  1878. 
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free  prosomatic  appendages  instead  of  six,  as  in  limnlus  and  in 
l^rygotus.  Sitnilarly,  Woodward  only  allowed  five  appendages 
for  Pterygotus,  so  that  his  restorations  were  throughout  con- 
sistent. Schmidt  ^  in  Pterygotus  osiliensis  has  shown  that  the 
true  number  was  six,  not  five,  as  seen  in  his  restoration  given  im 
fig.  2,  A. 

With  respect  to  Eurypterus,  Schmidt  figures  an  exceedingly 
fine  pair  of  antennae  between  the  coxal  joints  of  his  first  pair  of 
appendages,  thus  making  six  pairs  of  appendages.  Gerhard 
Holm,^  however,  in  his  recent  beautiful  preparations  from 
Schmidt's  specimens  and  others  collected  at  Eootzikilll,  has' 
proved  most  conclusively  that  the  chelicerffi  of  Eurypterus  were- 
of  the  same  kind  as  those  of  Limulus.  I  reproduce  his  figure 
on  the  next  page, — the  small  chelate  chelicerae  overhanging  the 
mouth  orifice  just  as  in  Limulus  or  in  Scorpio, 

So  also,  since  Woodward's  monograph,  Laurie  '  has  discovered! 
in  Slimonia  acuminata  a  small  median  pair  of  chelate  appendages, 
exactly  corresponding  to  the  chelicerae  of  Limulus,  or  of  Euryp- 
terus, or  of  Scorpio.  We  may  therefore  take  it  for  granted  that 
such  was  also  the  case  in  Stylonurus,  and  that  the  foremost  pair 
of  prosomatic  appendages  in  all  these  extinct  sea  scorpions  were^ 
iu  the  same  position  and  of  the  same  character  as  the  chelicerse- 
of  the  scorpions. 

In  the  living  scorpion  and  in  Limulus  the  nerves  to  this  pair 
of  appendages  undoubtedly  arise  from  the  foremost  prosomatic- 
ganglia,  and  the  reason  why  they  appear  to  belong  to  the  supra- 
oesophageal  brain  mass  has  been  made  clear  by  Brauer's  *  inves- 
tigations  on  the  embryology  of  Scorpio ;  for  he  has  shown  that 
the  cheliceral  ganglia  shift  from  the  ventral  to  the  dorsal  side- 
of  the  oesophagus  during  development,  thus  becoming  pseudo- 
supra-oesophageal,  though  in  reality  belonging  to  the  infra- 
oesophageal  ganglia.    This  cheliceral  pair  of  appendages  is  in  all 

^  "Die Crastaceen  fauna der Enrypteren schichten von BootzikuU auf Oesel, " Fr. 
Schmidt,  Mem,  d.  PAcad,  Imp,  d,  Sci.  d,  St  Fetersbourg,  vii.  ser.  t.  xxzL,  1888. 

^  "  Ueber  die  OrgaDisation  d.  Eurypterus  Fischeri,"  Gerhard  Holm,  Mem.  d. 
VAcad,  Imp,  d,  Sci,  d,  St  Petersbourgf  viii.  ser.  vol.  viii.,  1898. 

'  *'  The  Anatomy  and  Relations  of  the  Eurypterida:,"  by  M.  Laurie,  Trans,  of 
Royal  Soc  Edin.,  yoI.  xzxvii.,  1893. 

^  "Beitrage  sur  Eenntniss  d.  Entwiokelungsgeschichte  d.  Skorpions  II.,''' 
A.  Braner,  Zeitsch,/,  JFissenseh,  Zool,,  yol.  59,  p.  418,  1895. 
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probability  homologous  with  the  second  pair  of  antenDse  in  the 
Crustacea. 

I  conclude,  then,  that  the  chelicene  must  truly  be  included  in 
the  proBomatic  group,  but  that  they  stand  in  a  somewhat  diffe^ 
«nt  category  to  the  rest  of  the  prosomatic  appendages,  as  they 
take  up  a  very  median,  anterior,  and  somewhat  dorsal  position, 
and  their  ganglia  of  origin  are  also  exceptional  in  position. 

Next  for  consideration  come  the  cbiUria  (7  in  fig.  1), 
which  lankester  ^  did  not  consider  to  belong  to  appendages  at 
all,  but  to  be  a  peculiar  pair  of  stemites.     Yet  the  ■very  appeu- 


FiQ.  3.— Earjptarufl  Fischeri  {from  Holm). 


ance  of  them,  with  their  spinous  hairs  corresponding  to  those  of 
the  other  gnathites  and  their  separate  nerve  supply,  all  point 
distinctly  to  their  being  a  modified  pair  of  append^es,  and 
indeed  the  matter  has  been  placed  beyond  doubt  by  the  obeerfa- 
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tioD8  of  Eishinouye,^  who  has  found  embrjologically  that  they 
arise  in  accordance  with  the  rest  of  the  prosomatic  appendages^ 
and  belong  to  a  distinct  prosomatic  segment,  viz.,  the  seventh 
s^ment.  In  accordance  with  this,  Brauer  ^  has  found  that  in 
the  scorpion  there  is  in  the  embryo  a  segment,  the  appendages 
of  which  degenerate,  which  is  situated  between  the  segment 
bearing  the  last  pair  of  thoracic  appendages  and  the  genital 
operculum, — ^a  segment  therefore  comparable  in  position  to  th& 
chilarial  segment  of  Limulus. 

This  last  segment  and  last  prosomatic  appendage  is  especially 
interesting,  because  in  all  the  old  sea  scorpions  a  structure  is 
invariably  found  in  this  position,  which  is  considered  to  be 
homologous  with  this  seventh  pair  of  prosomatic  appendages* 
This  structure  is  known  by  the  name  of  the  metastoma  or  lip- 
plate.  It  is  numbered  7  in  figs.  2  and  3,  and  in  all  cases  was  a. 
median  single  plate  situated  externally,  which  covered  the  basal 
jpints  of  the  last  pair  of  locomotor  appendages. 

Until  quite  recently  it  would  have  been  difficult  to  be  quite- 
certain  that  the  metastoma  formed  the  ventral  wall  of  a  pro- 
somatic chamber,  as  I  supposed,  in  my  address  at  Liverpool  in 
1896,  must  have  been  the  case,  if  the  metastoma  was  formed  by 
the  fusion  and  forward  growth  of  the  chilaria.  Now,  however, 
the  relations  of  the  metastoma  to  the  parts  about  the  mouth  are- 
made  quite  clear  by  the  beautiful  researches  of  Holm,*  from 
which  it  is  evident  that  this  last  pair  of  prosomatic  appendages 
does  form  the  ventral  wall  of  a  prosomatic  chamber  of  the  very 
kind  postulated  by  me.  As  I  am  here  considering  only  the 
appendages  and  not  the  mouth  parts  of  the  Merostomata,  I  will 
leave  the  further  consideration  of  Holm's  researches  until  Part 
VI.,  which  deals  with  the  old  mouth  and  the  olfactory  nerve. 

I  conclude  from  the  evidence  that  the  metastoma  represented 
the  fused  last  pair  of  prosomatic  appendages,  and  so  formed  a 
ventral  lip  to  a  prosomatic  or  oral  chamber. 

Moreover,  seeing  that  the  metastoma  was  not  a  surface  plate, 
but  was  formed  by  the  fusion  of  a  pair  of  appendages,  it  follows 

^  **  On  the  Deyelopment  o^LimtUus  Longispina,^  by  E.  Eishinouye,  Joum.  of 
ColL  of  Sdenee,  Imp,  Univ.,  Japaii,  toI.  y.,  1891. 
«  Op,  cU.,  p.  860-568. 
»  Op.  dU 
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necessarily  that  its  basal  part  must  have  been  fused  to  the  basal 
part  of  the  operculum ;  so  that,  between  the  common  genital 
and  respiratory  chamber  described  in  Part  IV.  of  this  series  of 
papers  and  the  prosomatic  or  oral  chamber,  a  septum  must  have 
•existed  composed  of  the  basal  portion  of  the  opercular  and 
onetastomal  appendages.  In  this  septum  the  nenres  to  the  last 
prosomatic  appendage  (equivalent  to  the  last  part  of  the  trigem- 
inal in  the  vertebrate)  and  to  the  first  mesosomatic  (equivalent 
to  the  thyroid  part  of  the  facial)  would  run  as  shown  in  fig.  17, 
B,  close  together  in  the  first  part  of  their  course,  and  would 
separate  when  the  ventral  surface  was  reached  to  pass  head- 
wards  and  tailwards  respectively. 

Coming  now  to  the  five  locomotor  appendages,  we  find  that 
they  resemble  each  other  to  a  considerable  extent  in  most  cases, 
with,  however,  certain  striking  difierences ;  thus  in  Limulus  they 
^re  chelate,  with  their  basal  joints  formed  as  gnathites,  except 
in  the  case  of  the  fifth  appendage,  in  which  the  extremity  is 
modified  for  the  purpose  of  digging  in  the  sand. 

In  Pterygotus,  Slimonia,  Eurypterus,  the  first  four  of  these 
Appendages  are  very  similar,  and  are  called  by  Huxley  and 
Woodward  endognaths ;  in  all  cases  they  possess  a  basal  part  or 
/stemo-coxal  process  which  acts  as  a  gnathite  or  foot-jaw,  and  a 
non-chelate  tactile  part,  which  possesses  no  prehensile  power, 
and  in  most  cases  could  have  had  no  appreciable  share  in  loco- 
motion, called  by  Huxley  and  Woodward  the  palpus.  Theee 
itmall  palps  were  probably  retractile,  and  capable  of  being  with- 
drawn entirely  under  the  hood.  The  fifth  appendage  is  usually 
different,  being  a  large  swimming  organ  in  Pterygotus,  Euryp- 
terus, and  Slimonia  (figs.  2  and  3),  and  is  known  as  the  ecto- 
rgnath. 

Finally,  in  Drefparuypterus  Bembycoides,  as  stated  by  Laurie,' 
.all  five  locomotor  appendt^es  are  built  up  after  the  same  fashion, 
the  last  one  not  being  formed  as  a  paddle-shaped  organ  or 
•elongated  as  in  Stylonurus,  but  all  five  possess  no  special  loco- 
motor or  prehensile  power.  According  to  Laurie  this  is  a 
specially  primitive  form  of  the  group. 

It  is  significant  to  notice  from  this  sketch  that  with  the 

'  Laurie,  ''On  a  Silurian  Scorpion  and  some  additional  Enrypterid  Bemaiiu 
ifrom  the  Pentland  Hills,"  Trans.  Boy,  Soc,  Edin,,  vol.  zzxiv.  p.  584,  1899. 
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^ibeence  of  special  prehensile  terminations  such  as  chelse,  or  the 
absence  of  special  locomotoz  functions  such  as  walking  or 
swimming,  these  appendages  tend  to  dwindle  and  become 
insignificant,  taking  up  the  position  of  mere  feelers  round  the 
mouth,  and  at  the  same  time  are  concentrated  and  pressed  closely 
together,  so  that  their  appendage  nerves  must  also  be  close 
together. 

As  far,  then,  as  the  prosomatic  appendages  and  their  nerves 
■are  concerned,  this  sketch  causes  us  to  conclude  that  the  primi- 
tive form  which  gave  rise  to  the  vertebrates  may  have  been  a 
-still  simpler  form  of  a  Eurypterus-like  animal  which  possessed 
•a  prosomatic  chamber  formed  by  a  metastoma  or  accessory  lip, 
within  which  were  situated  five  pairs  of  short  tactile  appendages 
•or  tentacles.  In  such  case  the  trigeminal  nerve,  as  the  repre- 
:sentative  of  these  prosomatic  appendage  nerves,  ought  to  be 
found  to  supply  the  muscles  of  this  accessory  lip  and  of  these 
^ve  pairs  of  tentacles  in  the  lowest  vertebrate.  With  the 
•evidence  of  the  appendages  themselves  we  do  not  complete  the 
evidence  of  the  number  of  segments  in  the  prosomatic  region 
due  directly  to  the  presence  of  the  appendages,  for  we  see  that 
the  prosomatic  region  of  the  central  nervous  system  in  all  the 
scorpion  group  is  divided  into  well-defined  neuromeres  in  ac- 
•cordance  with  the  appendages,  a  segmentation  the  reminiscence 
-of  which  may  still  persist  after  the  appendages  themselves  have 
dwindled  or  disappeared,  and  thus  give  rise  to  the  neuromeres 
of  the  American  writers. 

We  also  see  that  under  the  prosomatic  carapace  are  attached 
■a  r^ular  series  of  muscles  directly  connected  with  the  coxal 
joint  of  each  appendage,  called  by  Lankester  tergo-coxal  muscles, 
«o  that  in  this  system  of  muscles  we  have  further  evidence  of 
the  segmentation  of  this  prosomatic  region  due  directly  to  the 
4ippendages. 

The  evidence  of  the  muscular  system  of  Limulus  and  Scorpio 
is  given  by  the  researches  of  Benham  and  Miss  Beck  under  Lan- 
kester's  direction.^  From  these  researches  Lankester  concludes 
that  the  simple  musculature  of  the  primitive  animal  from  which 

^  "  On  the  Muscular  and  Endo-skeletal  Systems  of  Limulus  and  Scorpio,"  by 
E.  Ray  Lankester,  assisted  by  W.  B.  S.  Benham  and  Miss  £.  J.  Beck,  Zool,  Trans, ^ 
ToL  2L  p.  811,  read  1883. 
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both  limulus  and  the  scorpions  arose  consisted  of  (1)  a  series 
of  paired,  longitudinal,  dorsal  muscles  passing  from  tergite  to 
tergite  of  each  successive  segment;   (2)  a  similar  series  of 
paired,  longitudinal,  ventral  muscles ;  (3)  a  pair  of  dorso-vential 
muscles  passing  from  tergite  to  sternite  in  each  segment ;  (4)  a 
set  of  dorso-ventral  muscles  moving  the  coxa  of  each  limb  in  its- 
socket ;  (5)  a  pair  of  veno-pericardial  muscles  in  each  segment 
Of  these  muscles,  the  dorso-ventral  ones  alone  give  evidence  of  ^ 
the  number  of  segments  in  the  prosomatic  region  of  limuius^  ; 
and  the  scorpions,  especially  the  large,  segmentally-arranged  : 
tergo-coxals,  which  in  Limulus  pass  in  regular  sequence  from  \ 
the  dorsal  carapace  to  the  coxa  of  each  prosomatic  appendage- 1 
on  the  same  side,  ] 

Of  these  the  tergo-coxal  muscles  of  the  first  pair  of  appendages 
or  chelicerse  is  attached  to  the  carapace  nearer  the  middle  line 
and  separate  from  the  more  laterally  attached  large  muscles  of 
the  2nd,  3rd,  4th,  5th,  6th  appendages. 

In  Mygale  these  large  tergo-coxal  muscles  are  somewhat 
radially  arranged,  and  it  is  striking  to  see  how  the  prosomatic 
carapace  is  distinctly  marked  out  on  its  external  surface  in 
correspondence  with  these  muscles,  so  that  in  this  case  the 
segmentation  of  the  prosomatic  region  is  distinct  on  the  exter- 
nal carapace  as  a  radial  series  of  elevations  and  depressions,, 
owing  to  the  strong  aponeurotic  attachments  between  the  tergo- 
coxal  muscles;  and  if  such  a  carapace  alone  was  found  in  a 
fossil  condition,  we  should  know  that  the  animal  to  which  it 
belonged  possessed  a  corresponding  number  of  prosomatic 
appendages.  Similarly,  in  Phrynus,  the  prosomatic  carapace  is- 
marked  out  more  or  less  distinctly,  in  accordance  with  the 
appendages,  as  is  seen  in  fig.  4,  which  represents  the  external 
surface  markings.  Upon  removing  the  carapace,  the  arrange- 
ment of  the  aponeurotic  bands  between  the  tergo-coxal  muscles 
to  which  the  external  markings  are  due  are  well  seen,  as  in 
fig.  5.  I  venture,  then,  to  suggest  that  in  those  forms  which 
are  only  known  to  us  in  the  fossil  condition,  in  which  no  pro- 
somatic appendages  have  been  found,  but  which  possess,  more 
or  less  clearly,  radial  markings  on  the  prosomatic  carapace 
resembling  those  of  Phrynus  or  Mygale,  such  radial  marldnga 
may  be   interpreted    as    due  to   the  presence   of  prosomatic 
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append^ea  which  are  either  entirely  concealed  b;  the  proao- 
matic  carapace  or  dorsal  bead-plate,  or  were  of  such  a  nature 
as  not  to  have  been  capable  of  foBsilisatioiL 

In  connection  with  this  suggestion,  I  should  like  to  point  out 
here,  that  throughout  thie  series  of  papers,  although  I  have 
spoken  chiefly  of  limolus,  Eurypterus,  and  the  modem  Scorpion 
group,  I  have  never  supposed  that  any  one  of  these  animals  was 
the  actual  ancestor  of  the  vertebrates;  I  have  simply  meant 
that  the  ancestor  must  be  sought  for  among  that  large  group 
of  extinct  animals  allied,  on  the  one  hand,  to  Limulus  and  the 


Fio.  4.— Phrynng  Ibrgine-HacuUta.     Ce,  mediin  eyw ;  h,  UtenJ  eyea ;  glab, 
moduui  pkte  over  brain  ;  Fa,  fovea. 

Scorpions,  and  on  the  other,  to  the  Trilobila,  which  were  the 
dominant  race  of  animals  in  the  Upper  Silurian  waters  at  the 
time  when  the  earliest  known  fishes  made  their  appearance. 

This  group  of  animals  forma  the  great  group  of  chiefly  extinct 
animals  classified  by  H.  Woodward  ^  under  the  order  Merosto- 
mata.  They  are  divided  by  him  into  the  sub-order  EurypteridoE, 
which  include — (1)  Pterygotus,  (2)  Slimonia,  (3)  Stylonurus, 
(4)  Eurypterus,  (5)  Adelophthalmus,  (6)  Bunodea,  (7)  Arthro- 
pleura,  (8)  Hemiaapis,  (9)  Exapinurus,  (10)  Fseudoniscus ;  and 
the  sub-order  JCiphomra,  which  include — (1)  Belinurua,  (2) 
Prestwichia,  (3)  Limulua. 

The  evidence  of  the  Xiphosura  and  of  the  Hemiaspidae  eon- 
'Op.  eU. 
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cluaively  showa,  in  Woodward's  opinion,  that  the  Meroatonuita 
are  closely  related  to  the  Trilobite,  and  the  HemiaBpid^e  espe- 
cially are  supposed  to  be  iatermediate  between  the  Trilobitee  and 
the  King-ombs.  They  are  chsractensed,  ae  also  Belinuros  and 
Prestwicbia,  by  the  abseace  of  any  prosomatic  appendages,  bo  that 
ill  these  cases,  as  is  seen  in  fig.  6  representing  Bunodea  luntila, 
from  Schmidt,^  fonnd  in  the  Euryptems  layer  at  Bootzikiill, 


Fio.  6, — Plirynua  sp.  (?).    Carapace  remoTed.    c«m,  oamerostome  ;  pi,  plaitran- 

we  have  an  animal  after  the  Liniulus  fashion  in  which  the  pioso- 

niatic  appendages  have  either  dwindled  away  and  are  completely 
hidden  by  tlie  prosomatic  carapace,  or  become  so  soft  as  not  to  be 
preserved  in  the  fossilised  condition.  The  appearance  of  the  pro- 
somatic  carapace  is,  to  my  mind,  suggestive  of  the  preseoce  of 

■  Op.  cU. 
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such  appendages,  for  it  is  marked  out  tadiaUy  as  is  seen  in  the 
figure  in  a  manner  resembling  somewhat  the  markings  on  the 
prosomatic  carapace  of  Mygale  or  Fhr^nus ;  these  Utter  mark- 
inga,  as  already  mentioned,  are  due  to  the  aponeuroaes  between 
the  tei^o-coxal  muscles  of  the  prosomatic  appendages  which 
lie  underneath  and  are  attached  to  the  carapace. 

A  very  similar  radial  marking  is  shown  by  Woodward  *  in  his 
picture  of  Hemmspis  Limvioides,  reproduced  in  fig.  7,  found  in 
the  Lower  Ludlow  beds  at  Leintwardine.      This   species   has 


Fia  S. — Bunodea  lunula  {from  Schmidt). 

given  the  most  perfect  Bpecimena  of  the  genus  Hemiaapis, 
which  is  recognised  to  diU'er  from  Bunodes  in  the  poBsession  of 
a  telson. 

Such  markings  as  indicative  of  the  segmentation  of  the  pro- 
somatic carapace  are,  as  we  shall  see  later,  very  su^estive  when 
we  come  to  consider  the  similar  evidences  of  s^mentation 
in  the  head  region  of  the  earliest  known  fishes  as  given  by 
Rohon. 

Evidence  of  Segmentation  given  hy  the  Muscles  of  the  Prosomatic 
Segments  themselves. 

Next  for  consideration,  as  evidence  of  segmentation  in  the 
prosomatic  region,  come  the  dorso-ventral  somatic  muscles. 
These  muscles,  as  already  mentioned  in  Part  III.  of  this  series 
of  papers,  are  most  markeilly  segmontal  in  the  mesosomatic 
region  both  in  Liniulus  and  in  Scorpio ;  uach  meaosomatic  seg- 
ment possessing  a  single  pair  of  these  vertical  mesosomatic 
muscles,  as  fienham  calls  them.  In  the  prosomatic  region  the 
'  Op.  at.,  p.  177. 
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oorresponding  muBcles  are  uot  so  clearly  defined  in  Dmiilus; 
they  are  spparently  attached  to  the  plaatron  fomung  the  group 
of  plastro-te^al  muscleB.  From  Benbam'a  deacription  it  Is 
evident  enough  that  they  formed  originally  a  single  pair  to  each 
prosomatic  eegment 

In  Scorpio,  according  to  Miss  Beck,'  the  dorso-ventral  pro- 
somatic  muscles  are  situated  near  the  middle  line  on  each  eide. 


Fio.  7.— Hcmisapu  Limuloidei  (from  Woodward),     gl,  gUbelluni. 

and  form  the  following  well-marked  series  of  pairs  of  muscles 
shown  in  fig.  8a,  taken  from  her  paper,  and  thus  described  by 
her: — 

1.  The  dorso-cheliceral-stemal  muscle  (61)  is  the  most  anterior 
of  the  dorso-ventral  muscles  ;  it  is  very  small,  and  is  attacbe<l 
to  the  carapace  near  the  median  line  anterior  to  the  central 
eyes. 

2.  The  median  dorso-preoral  entosclerito  muscle  (62)  is  a 
large  muscle,  between  which  and  its  fellow  of  the  opposite  side 

■  Op.  cil. 
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are  situated  the  eyes ;  it  is  attached  dorsally  to  the  carapace  and 
ventrally  to  the  preoral  entosclerite. 

3.  The  anterior  dorso-plastron  muscle  (63)  is  attached  dor- 
sally  to  the  carapace  in  the  middle  line,  being  joined  to  its 
fellow  of  the  opposite  side.  They  separate,  and  are  attached 
ventrally  to  the  plastron.  Through  the  arch  thus  formed  pass 
the  alimentary  canal  and  the  dorsal  vessel 

4.  The  median  dorso-plastron  muscle  (64)  is  attached  dor- 
sally  to  the  posterior  part  of  the  carapace.  It  runs  forward  on 
the  anterior  surface  of  the  posterior  flap  of  the  plastron  to  the 
body  of  the  plastron,  to  which  it  is  attached. 

To  these  may  be  added,  owing  to  its  attachment  to  the 
plastron, — 

5.  The  posterior  dorso-plastron  muscle  (65)  is  the  first  of  the 
dorso-ventral  muscles  attached  to  the  mesosomatic  tergites, 
being  attached  to  the  tergite  of  the  first  segment  of  the 
mesosoma. 

This  muscle  is  of  interest,  in  connection  with  the  prosomatic 
dorso-ventral  muscles,  because  it  is  attached  to  the  plastron,  and 
runs  a  course  in  close  contact  with  the  muscle  (64),  the  two 
muscles  being  attached  dorsaUy  close  togethep,  on  each  side  of 
the  middle  line,  the  one  at  the  very  posterior  edge  of  the  pro- 
somatic  carapace,  and  the  other  at  the  very  anterior  edge  of  the 
mesosomatic  carapace. 

Taking  these  muscles  separately  into  consideration,  it  may  be 
remarked  with  respect  to  (1)  that  the  cheliceral  segment  in  its 
paired  dorso-ventral  muscles,  as  in  its  tergo-coxal  muscles,  takes 
up  a  separate  position  isolated  from  the  rest  of  the  prosomatic 
segments. 

Next  comes  (2)  the  median  dorso-preoral  entosclerite  muscle, 
which  is  strikingly  different  from  all  the  other  dorso-ventral 
muscles  in  its  large  size  and  the  extent  of  its  attachment  to  the 
'dorsal  carapace,  according  to  Miss  Beck's  figures.  The  reason  of 
its  large  size  is  clearly  seen  upon  dissection  of  the  muscles  in 
Buthus,  for  I  find  that,  strictly  speaking,  it  is  not  a  single  muscle, 
but  is  composed  of  a  series  of  muscle  bundles,  separated  from 
each  other  by  connective  tissue.  There  are  certainly  three 
separate  muscles  included  in  this  large  muscle,  which  are  attached 
in  a  distinct  series  along  the  preoral  entosclerite,  and  present 
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the  appearance  giyen  in  fig.  8a  at  their  attachment  to  the  pro- 
somatic  carapace.  Of  this  muscle  group  the  most  anterior  and 
the  most  posterior  bundle  are  distinctly  separate  muscles;  I  am 
not,  however,  clear  whether  the  middle  bundle  represents  one 
or  two  musclea 

This  division  of  Miss  Beck's  muscle  (62)  into  three  or  four 
muscles  brings  the  prosomatic  region  of  the  scorpion  into  line 
with  the  mesosomatic,  and  enables  us  to  feel  sure  that  a  single 
pair  of  dorso-ventral  somatic  muscles  belongs  to  each  prosomatic 
segment  just  as  to  each  mesosomatic,  and,  conversely,  that  each 
such  single  pair  of  muscles  possesses  segmental  value  in  this 
region  as  much  as  in  the  mesosomatic. 

It  is  very  striking  to  see  how  in  all  the  Scorpionid»,  in  which 
the  two  median  eyes  are  the  principal  eyes,  this  muscle  group 
(62)  on  the  two  sides  closely  surround  these  two  eyes,  so  that 
with  a  fixed  preoral  entosclerite,  a  slight  movement  of  the  eyes^ 
laterally  or  anteriorly,  owing  to  the  flexibility  of  the  carapace, 
might  result  as  the  ccmsequence  of  their  contraction.  Such  can- 
not be  the  main  object  of  these  muscles.  The  preoral  ento- 
sclerite is  firmly  fixed  to  the  camerostome,  as  is  seen  in  fig.  12,  so 
that  the  main  object  of  these  muscles  is,  as  Huxley  ^  has  pointed 
out,  the  movement  of  this  organ. 

In  order  to  avoid  the  repetition  of  the  long  name  given  to 
this  muscle  group  by  Miss  Beck,  because  of  their  position,  and 
for  other  reasons  which  will  appear  in  the  sequel,  I  will  call  thia 
group  of  muscles  the  group  of  recti  muscles.  These  recti  muscles 
belong  clearly  to  the  segments  posterior  to  the  first  prosomatic 
or  cheliceral  segment,  and  represent  certainly  three,  probably 
four,  of  these  segments,  i.e,,  belong  to  the  segments  corresponding 
to  the  second,  third,  fourth,  and  fifth  prosomatic  locomotor 
appendages, — the  endognaths  of  the  old  Eurypterids. 

The  next  pair  of  muscles  is  the  pair  of  anterior  dorso-plaatron 
muscles  (63).  This  muscle  pair  evidently  belongs  to  a  segment 
posterior  to  the  segments  represented  by  the  group  already  dis* 
cussed,  and  belongs,  therefore,  in  all  probability  to  the  same  seg- 
ment as  the  sixth  pair  of  prosomatic  appendages, — the  ectognaths 

of  the  old  Eurypterids.    This  can  be  settled  by  the  nerve  supply 

,  ...  .       •      •         • 

^  **  On  the  Structure  of  the  Mouth  and  Pharynx  of  the  Scorpion,"  by  T» 
Htaley,  Q.  J,  Aficr.  JSeL,  vol.  riii.,^1860,  p.  S50. 
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or  the  embryological  development.  In  the  Eurypterid»  it  seems 
most  highly  probable  that  the  dorso-ventral  muscles  of  each  half 
of  the  segments  belonging  to  the  endognatbs  should  be  com- 
pressed together  and  separate  from  the  dorso-ventral  muscle 
belonging  to  the  ectognathal  segment,  on  account  of  the  evident 
concentration  and  small  size  of  the  eudognathal  segments  in 
contradistinction  to  the  separateness  and  large  size  of  the 
ectognathal  segment. 

The  striking  peculiarity  of  this  muscle  pair,  which  distin- 
guishes it  from  all  other  muscles  in  the  scorpion,  is  the  common 
attachment  of  the  muscles  of  the  two  sides  in  the  mid-dorsal 
line,  so  that  the  pair  of  muscles  forms  an  arch  through  which 
the  alimentary  canal  and  dorsal  vessel  pass. 

The  same  dorso-ventral  muscles  are  present  in  Phrynus,  and 
in  this  animal  the  fibres  of  this  pair  of  muscles  (63)  actually 
interlace  before  their  attachment  to  the  prosomatic  carapace,  so 
that  the  attachment  of  the  muscle  on  each  side  overpasses  the 
mid-dorsal  line,  and  a  true  crossing  occurs.  In  fig.  5  the  posi- 
tion of  this  pair  of  muscles  is  shown  just  posterior  to  the  brain 
mass.     This  muscle  I  will  call  the  oblique  muscle. 

Finally  we  come  to  the  muscles  (64)  and  (65),  the  median 
and  posterior  dorso-plastrou  muscles,  which  run  close  together. 
Both  muscles  are  attached  to  the  plastron,  and,  therefore,  to  that* 
extent  belong  to  the  prosomatic  region;  they  are  attached 
dorsally  close  to  the  junction  of  the  prosoma  and  mesosoma.  This 
position  of  the  first  mesosomatic  dorso-ventral  muscle  belonging 
to  the  opercular  segment  may  be  compared  with  the  position  of 
the  first  mesosomatic  dorso-ventral  muscle  in  Limulus  which  has 
become  attached  to  the  prosomatic  carapace ;  in  both  cases  we 
see  an  indication  that  the  foremost  mesosomatic  dorso-ventral 
somatic  muscles  tend  to  take  up  a  prosomatic  position. 

As  to  the  pair  of  small  muscles  (64),  I  should  imagine  that 
they  represent  the  dorso-ventral  muscles  of  the  seventh  proso- 
matic segment  (if  the  pair  of  muscles  (63)  belong  to  the  segment 
of  the  sixth  locomotor  prosomatic  appendage);  i.e.,  they  belong  to 
the  chilarial  segment  or  metastoma. 

I  desire  to  draw  especial  attention  to  the  fact  that  the  dorso- 
veAtral  muscle  (64),  which  represents  the  seventh  segment, 
always  runs  close  alongside  the  dorso-ventral  muscle  (65),  which 
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represents  the  first  mesosomatic  or  opercular  segment  The 
significance  of  this  fact  will  appear  when  I  deal  with  MisB 
Piatt's  and  Neal's  observations. 

I  have  dwelt  thus  far  on  these  muscles  of  the  scorpion  and 
limulus  because  the  muscular  arrangements  of  the  old  sea 
scorpions  must  have  been  fashioned  after  those  of  both  Limulna 
and  Scorpion,  and  these  observations  of  Benham  and  Miss  Beck 
are  the  only  full  reliable  description  of  such  musculature  as  far  as 
I  am  aware.  I  want  especially  to  draw  attention  to  the  nature 
of  this  musculature  because  of  the  importance  of  the  formation  of 
muscle  segments  in  estimating  the  segmentation  of  the  vertebrate 
head,  and  especially  in  estimating  the  meaning  of  the  eye-muscles. 

Hvidence  of  Segmentation  given  by  the  Codomic  Head  Cavities, 

In  the  head  region  of  the  vertebrate,  morphologists  depend 
largely  for  the  estimation  of  the  number  of  segments  upon  the 
embryonic  divisions  of  the  mesoderm,  and,  therefore,  upon  the 
number  of  coelomic  cavities  in  this  region,  the  walls  of  which 
give  origin  to  the  striated  muscles  of  the  head,  so  that  the 
question  of  the  number  of  segments  depends  very  largely  upon 
the  origin  of  the  muscles  from  the  walls  of  these  head  cavities. 
It  is  therefore  interesting  to  examine  whether  a  similar  criterion 
of  segmentation  holdb  good  in  such  a  segmented  animal  as 
Limulus,  or  in  the  members  of  the  scorpion  group,  in  which 
the  number  of  segments  are  known  definitely  by  the  presence 
of  the  appendages.  In  Limulus  we  know  from  the  observa- 
tions of  Kishinouye  ^  that  a  series  of  ccelomic  cavities  are  formed 
embryologically  in  the  various  segments  of  the  mesoeoma  and 
prosoma,  in  a  manner  exceedingly  similar  to  their  formation 
in  the  head  region  of  the  vertebrate,  and  he  has  shown  that  in 
the  mesosoma  a  separate  ccelomic  cavity  exists  for  each  segment, 
so  that  just  as  the  dorso-ventral  somatic  muscles  are  regularly 
segmentally  arranged  in  this  region,  so  are  the  coelomic  cavities, 
and  we  should  rightly  judge  of  the  number  of  segments  in  this 
region  by  the  consideration  of  the  correspondence  of  these 
cavities  with  the  mesosomatic  appendages.  Similarly,  in  the 
vertebrate  we  find  every  reason  to  believe  that  a  single,  separate 
head  cavity  corresponds  to  each  of  the  branchial  segments  in  the 

*  Op,  dt. 
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opisthotic  region,  and  therefore  we  should  rightly  judge  of  the 
number  of  segments  by  the  division  of  the  mesoderm  in  this  region. 

In  the  prosomatic  region  of  limulus,  we  have  seen  that  the 
dorso-ventral  muscles  are  not  arranged  with  such  absolute 
segmental  regularity  as  in  the  mesosomatic  region,  and  KisU- 
nouye's  observations  show  that  the  ccelomic  cavities  in  this 
region  do  not  correspond  absolutely  with  the  number  of  pro- 
somatic  appendages.    His  words  are:^ — 

A  pair  of  coelomio  cavities  appear  in  every  segment  except 
the  segments  of  the  2nd,  3rd,  and  4th  appendages^  in  which  the 
€oelomic  cavity  does  not  appear  at  all.  At  least  eleven  pairs 
of  these  cavities  are  produced.  The  eleventh  pair  belongs  to 
the  seventh  abdominal  segment. 

The  first  pair  of  coelomic  cavities  is  common  to  the  cephalic 
lobe  and  the  segment  of  the  first  appendage  (i,e,,  the  chelicerse). 

The  second  coelomic  cavity  belongs  to  the  segment  of  the  fifth 
appendage.    It  is  well  developed. 

The  ventral  portion  of  the  second  coelomic  cavity  remains  as 
the  coxal  gland. 

Consequently,  if  we  were  to  estimate  the  number  of  segments 
in  this  region  by  the  num^ber  of  coelomic  cavities,  we  should  not 
judge  rightly,  for  we  should  find  only  four  cavities  and  seven 
appendages,  as  is  seen  in  the  following  table : — 


Limulus. 


Segments. 


6 


2 
8 
4 

5 
6 
7 


{ 


Appendages. 


Chelioero  or  Ist 

locomotor. 
2nd  locomotor. 
8rd        do. 


( Eury  pterid 
Appenaages.} 


4th 
5th 
6th 


do. 
do. 
do. 


Chilaria. 


y  Ohelicene. 

y  Endognaths. 

Ectognath. 
Metastoma. 


Coelomic 
Cavities. 


8 
4 


Vertebrate. 


Coelomic  Cavities. 


Anterior. 


Premandibular. 


} 


Mandibular. 


a 


8 
9 
10 
11 
12 
18 
14 


Operculum. 
1st  branchial. 
2nd       do. 


8rd 
4th 
5th 
6th 


do. 
do. 
do. 
do. 


j-  Operculum  - 

2nd  branehia! 
8rd        do. 
4th        do. 
5th        do. 


Genit  al. 
Ist  branchial 


5 
6 
7 
8 
9 

10 
11 


\  Hyoid. 

1st   branchial. 
2nd        do. 
8rd        do. 
4th        do. 


*  Op.  cit.^  p.  81. 
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The  second  cavity  would  in  reality  represent  four  segments 
belonging  to  the  2nd,  3rd,  4th,  5th  locomotor  appendages, 
i.e.,  the  very  four  segments  which  in  the  Eurypterids  are  con- 
centrated together  to  form  the  endognaths,  and  we  should  be 
justified  in  putting  this  interpretation  on  it,  because,  according 
to  Eishinouye,  its  ventral  portion  forms  the  coxal  gland,  and 
according  to  Laukester^  the  coxal  gland  sends  prolongations 
into  the  coxa  of  the  2nd,  3rd,  4th,  5th  locomotor  appendages. 
Similarly,  in  the  vertebrate  we  find  three  head  cavities  in 
the  region  which  corresponds,  on  my  theory,  to  the  prosomatie 
region  of  Limulus,  (1)  the  anterior  cavity  of  Miss  Piatt,  (2) 
the  premandibular  cavity,  and  (3)  the  mandibular  cavity,  which, 
if  they  corresponded  with  the  prosomatie  coelomic  cavities  of 
Limulus,  would  represent  not  three  segments  but  seven  segments, 
as  follows : — the  anterior  cavity  of  Miss  Piatt  would  correspond 
to  the  first  coelomic  cavity,  i.e.,  the  cavity  of  the  cheliceral  seg- 
ments in  both  Limulus  and  the  Eurypterids;  the  preman- 
dibular, to  the  second  coelomic  cavity,  representing,  therefore, 
the  2nd,  3rd,  4th,  5th  prosomatie  segments  in  Limulus  and 
the  endognathal  segments  in  the  Eurypteridse ;  and  the  mandi- 
bular, to  the  3rd  and  4th  coelomic  cavities,  representing  the  last 
locomotor  and  chilarial  segments  in  Limulus,  i.e.,  the  ectognathal 
and  metastomal  segments  in  the  Eurypteridse. 

It  is  worthy  of  note  that,  in  respect  to  its  coelomic  cavity  as 
in  its  position  and  origin  in  the  central  nervous  system,  the 
first  pair  of  appendages,  the  chelicerse,  retain  a  unique  position, 
differing  from  the  rest  of  the  prosomatie  appendages. 

In  the  table,  I  have  shown  how  the  vertebrate  coelomic  cavities 
may  be  compared  with  those  of  Limulus ;  and  I  now  proceed  to 
consider  the  evidence  obtained  by  morphologists  and  anatomists 
as  to  the  number  of  segments  supplied  by  the  trigeminal  nerve 
group. 

The  Segments  belonging  to  the  Ti'igeminal  Nerve  Group. 

We  see  from  this  sketch  that  the  test  whether  the  trigeminal 
group  of  nerves  of  the  vertebrate  have  been  derived  from  the 

^  *'0n  the  Skeleto-trophic  Tissues  and  Goxal  Glands  of  Limnlas,  Scoipio,  and 
Mygale,**  Q.  J.  Micr.  Scii,  p.  129,  vol.  xxiv.,  1884. 
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prosomatic  group  of  nerves  of  the  invertebrate  would  be  afforded 
by  the  answer  to  the  following  morphological  and  anatomical 
questions : — 

1.  Do  we  find  in  the  vertebrate  two  segmentations  in  this 
region  corresponding  to  the  two  segmentations  in  the  branchial 
region,  i,e.,  a  somatic  or  dorsal  series  of  segments  and  a  splanchnic 
or  ventral  series  of  segments  ?  These  latter  would  not  be 
branchial,  but  rather  of  the  nature  of  free  tactile  appendages ;  so 
that  it  is  useless  to  look  for  or  talk  about  gill  slits,  although 
such  appendages,  being  serially  homologous  with  the  branchial 
mesosomatic  appendages,  would  readily  give  rise  to  the  concep- 
tion of  branchial  segments. 

2.  Is  there  morphological  evidence  that  the  trigeminal  nerve 
is  not  the  nerve  belonging  to  a  single  segment,  or  even  to  two 
segments,  but  is  really  a  concentration  of  at  least  six,  probably 
seven,  segmental  nerves  ? 

3.  Is  there  morphological  evidence  that  the  oculomotor  and 
trochlearis  nerves  which  on  all  sides  are  agreed  to  belong  to  the 
trigeminal  segments,  are  not  single  nerves  belonging  each  to  a 
single  segment,  but  the  so^aatic  motor  roots  belonging  to  the 
same  segments  as  those  to  which  the  trigeminal  supplies  the 
splanchnic  roots  ? 

4.  If  so,  then  also  the  mesoderm  segments  which  give  origin 
to  the  eye-muscles,  and  therefore  the  head  cavities  of  this  region, 
ought  to  correspond  with  the  trigeminal  segments,  although  it 
is  likely  enough,  considering  the  concentration  of  parts  in  this 
region,  and  the  difficulty  already  present  of  the  want  of  numerical 
agreement  between  the  prosomatic  appendages  and  the  proso- 
matic ccelomic  cavities  in  Limulus,  that  the  actual  number  may 
be  difficult  to  decide. 

5.  Is  there  anatomical  evidence  that  the  ganglion  of  origin  of 
the  motor  Vth  is  not  a  single  ganglion,  but  a  representative  of 
many,  probably  seven  ? 

6.  Is  there  anatomical  evidence  that  the  ganglia  of  origin  of 
the  oculomotor  and  trochlearis  nerves  represent  many  ganglia, 
probably  seven  ? 

7.  Is  there  any  evidence  that  the  organs  originally  supplied 
by  the  motor  part  of  the  trigeminal  nerve  are  directly  compar- 
able with  prosomatic  appendages  ? 
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Morphological  Evidence  of  (he  Nwmier  of  Segments  belonging  to 

the  Trigeminal  Nerve. 

I  will  first  consider  the  first  four  of  these  questions,  Lt.,  the 
morphological  evidence.  The  question  of  the  nature  and 
number  of  these  most  anterior  head  segments  is  by  no  meaiu 
settled  by  morphologists ;  it  is  only  possible  to  indicate  tihe 
opinion  held  by  those  who  have  chiefly  been  engaged  in  this 
investigation. 

The  basis  upon  which  the  present-day  opinion  rests  iB 
V.  Wijhe's  researches,  which  have  led  to  the  conclusion  that  this 
foremost  region,  just  as  the  hindmost  region,  was  originally  com- 
posed of  segments  marked  out  by  divisions  of  the  mesoblast, 
each  of  which  contained  a  coelomic  cavity,  and  was  separable 
into  two  parts,  dorsal  and  ventral.  From  the  dorsal  parte  or 
somites  arose  the  muscles  supplied  by  the  oculomotor  and 
trochlearis  nerves,  from  the  ventral  parts  or  lateral  plates  die 
muscles  supplied  by  the  trigeminal;  in  accordance,  therefore, 
with  the  more  hindmost  segment^  and  because  the  unit  of 
measurement  was  the  branchial  pouch,  i.e.,  a  paired  diverticulum 
of  the  gut,  it  was  assumed  that  the  ventral  parts  of  these  mesa- 
blastic  segments  originally  formed  the  walls  of  a  series  of  visceral 
or  branchial  pouches,  and  thus  the  conception  arose  that  the 
whole  head  end  of  the  body  has  been  formed  by  the  modification 
of  a  series  of  branchial  pouches  comparable  with  those  in  the 
opisthotic  region.  Such  a  conception,  which  has  especially 
been  put  forward  by  Marshall,  even  to  making  the  Ist  or 
olfactory  nerve  a  branchial  nerve,  and  Dohrn,  is  remarkably 
strange  when  one  sees  that  throughout  the  animal  kingdom 
there  is  no  evidence  of  all  the  foremost  segments  of  the  animal 
being  told  off  for  respiration  purposes. 

This  supposition  that  the  trigeminal  nerve  belonged  originally 
to  a  series  of  branchial  pouches  in  the  same  way  as  the  vagus 
and  glossopharyngeal  was  largely  due  to  the  habit  of  looking  at 
the  cranial  nerves  as  divisible  into  two  great  groups,  respectively 
in  front  of  and  behind  the  auditory  capsule,  t.e.,  pro-otic  and 
opisthotic,  of  which  the  former  included  the  trigeminal  and  facial 
and  the  latter  the  glossopharyngeal  and  vagus  nerves.    In  this 
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foremost  group,  as  so  defined,  which  was  looked  upon  as  a 
natural  group,  distinct  evidence  of  visceral  and  branchial  pouches 
were  seen  in  connection,  namely,  with  the  facial  nerve,  and  it 
was  therefore  imagined  that  the  rest  of  the  members  of  this 
group,  viz.,  the  segments  in  connection  with  the  trigeminal  nerve 
also  were  originally  built  up  in  a  similar  manner. 

In  my  opinion,  as  already  stated  in  Part  lY.  of  this  series  of 
papers,  the  segments  supplied  by  the  facial  are  clearly  in 
Ammocoetes  the  foremost  of  the  respiratory  segments,  and  ought 
therefore  to  be  classed  with  the  rest  of  the  opisthotic  segments, 
and  not  with  the  pro-otic ;  the  close  relationship  and  confusion 
between  the  Vth  and  Vllth  in  the  vertebrates  is  to  my  mind 
explainable,  as  will  appear  in  the  sequel,  as  a  consequence  of  the 
amalgamation  of  the  last  prosomatic  and  first  mesosomatic 
appendages.  In  front  of  the  region  of  the  facial  nerve  there  is 
no  evidence  of  any  visceral  or  branchial  pouches.  The  morpho- 
logical evidence,  then,  of  segments  in  the  region  of  the  trigem- 
inal has  not  been  proved  to  be  due  to  the  presence  of  branchial 
pouches,  but  to  the  divisions  of  the  mesoderm ;  and  coming  now 
to  the  question  of  the  number  of  segments  belonging  to  this 
region,  we  see  that  v.  Wijhe  considered  there  were  two  only,  of 
which  the  ventral  mesoderm  segments  formed  the  splanchnic 
muscles  supplied  by  the  trigeminal,  while  the  two  dorsal  seg- 
ments formed  the  somatic  muscles  supplied  by  the  oculomotor 
and  trochlearis  nerves  respectively;  the  segmental  coelomic 
cavities  belonging  to  these  two  segments  being  the  premandibular 
and  mandibular  respectively. 

Of  these  two  segments  the  muscles  of  mastication  arose  from 
the  ventral  part  of  the  second  or  mandibular,  the  splanchnic 
muscles  belonging  to  the  premandibular  not  being  definable. 
Since  v.  Wijhe  many  papers  have  appeared,  all  in  the  direction 
of  increasing  the  number  of  segments  belonging  to  this  region. 
Thus,  especially  Miss  Platt,^  who  has  been  confirmed  by  Hoff- 
mcmn  ^  and  Neal,*  finds  in  Acanthias  vulgaris  a  cavity  in  front 

^  J.  B.  Flatt,  "A  Oontribation  to  the  Morphology  of  the  Vertebrate  Head, 
baaed  on  a  study  ot  Acanthias  vulgaris f^'  Jounu  Morph,,  vol.  v.  p.  79. 

^  C.  E.  Hoffmann,  "Zur  Entwickelungsgeschichte  des  Selachier  Eopfes,'* 
Anai.  Anz,,  Bd.  9,  p.  638. 

'  H.  y.  Keal,  ''The  Segmentation  of  the  Nervona  System  in  Squdlus  Acan- 
thias,^ vol.  xxxi.  n.  7,  BulL  of  M%is,  of  Comp.  Zool.f  Harvard,  1898. 
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of  the  premandibular,  to  which  she  has  given  the  name  of  the 
anterior  cavity,  so  that  there  are  three  oodomic  cavities,  not 
two,  viz.,  (1)  anterior  cavity,  (2)  premandibolar,  and  (3)  man- 
<libular.  She  finds  that  the  anterior  cavity  forms  a  muscle 
which  comes  to  nothing,  while  the  premandibolar  forms  in 
its  dorsal  part  four  muscles — superior  rectus,  inferior  rectus, 
internal  rectus,  and  inferior  oblique;  further,  the  mandibular 
is  double,  forming  in  the  dorsal  part  of  its  one  portion 
the  superior  oblique  muscle,  in  the  other  a  muscle  called 
by  her  the  mandibular  muscle,  which  comes  to  nothing.  In 
a  footnote,  op.  cit,,  p.  199,  Neal  states  that  he  cousiden 
Miss  Piatt's  evidence  of  two  segments  in  the  mandibular  cavity 
to  be  illusory.  Miss  Piatt  therefore  considers  that  the  trigem- 
inal corresponds  to  four  segments,  viz.,  (1)  anterior,  (2)  pre- 
mandibular,  and  (3)  and  (4)  mandibular,  while  correspondii^  to 
these  segments  we  have  dorsally  seven  muscles  formed,  viz.,  (1) 
anterior,  muscle  lost ;  (2),  (3),  (4),  (5)  premandibular,  muscles 
supplied  by  Ilird  nerve,  viz.,  superior  rectus,  inferior  rectus, 
internal  rectus,  and  inferior  oblique;  (6)  mandibular,  muscle 
supplied  by  IVth  nerve,  viz.,  superior  oblique ;  (7)  mandibular, 
muscle  lost.  If,  then,  as  seems  most  probable,  these  four  divi- 
sions of  the  premandibular  be  looked  upon  as  four  different 
segments  fused  into  one,  we  should  have  seven  dorsal  segments 
belonging  to  this  region,  just  as  is  asserted  to  be  the  case  in 
Torpedo  by  Dohm.^  Dohm's  mesoderm  segments  have  been 
observed  by  Piatt  to  a  certain  extent,  but  are  not  considered  by 
her  to  have  segmental  value,  because  they  are  not  uniform  on 
the  two  sides.  At  the  same  time,  if  the  premandibular  cavity 
was  really  a  fusion  of  four  separate  cavities  belonging  respec- 
tively to  the  four  eye-muscles  supplied  by  the  oculomotor  nerve, 
then  there  would  be  no  discrepancy  in  number  between  Dobm 
and  Miss  Piatt.  Dohrn  himself  does  not  seem  to  me  to  lay  any 
great  stress  on  the  absolute  number  of  s^ments  belonging  to 
these  different  cavities  respectively,  but  rather  desires  to 
emphasise  strongly  that  the  oculomotor  and  abducens  nerves 
are  each  not  single  segmental  nerves,  but  multiple  nerves,  and 
that  the  premandibular  cavity  is  not  a  single  head  cavity,  but  a 

^  A.  Dohrn,  ''  Neue  Grundlagen  zur  Beartheilung  dar  Metamerie  des  Eopfei," 
MiUh,  Zool.  Stat.  Neapel,  Bd.  9,  p.  330,  1890. 
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fueiou  of  many  such  cavities.  Further,  we  must,  I  think,  agii^e 
with  Dohrn  that  if  there  are  a  number  of  dorsal  segments 
corresponding  to  the  oculomotor  and  trochlearis,  there  must 
have  been  a  similar  number  of  ventral  segments  corresponding 
to  the  motor  part  of  the  trigeminal,  even  though  the  corre- 
sponding splanchnic  muscles  have  only  been  discovered  for  the 
lost  two  or  mandibular  segments,  and  not  for  the  premandibular 
and  anterior  segments. 

I  would  then  suggest  that  the  morphological  evidence  of 
muscle  segments  is  compatible  with  the  conclusion  that  the 
primitive  animal  possessed  seven  segments  in  this  region,  each 
of  which  originally  consisted  of  a  somatic  part  and  a  splanchnic 
part,  or,  to  use  the  language  of  these  papers,  prosomatic  seg- 
ments, each  composed  of  a  body  part  and  an  appendage,  and 
that  these  seven  prosomatic  segments  originally  each  contained 
a  ccelomic  cavity,  but  these  ccelomic  cavities  became  fused  in 
such  a  way  as  to  form  (1)  an  anterior  head  cavity  belonging  to 
the  first  segment,  (2)  a  premandibular  belonging  to  the  next 
four  segments,  and  (3)  a  mandibular  belonging  to  the  last  two 
prosomatic  segments.  Surely  such  a  teaching  of  embryology  is 
most  striking  when  we  see,  as  already  mentioned  (p.  483),  how 
the  coelomic  cavities  are  arranged  in  Limulus. 

So  far  the  segmental  value  has  been  considered  from  the 
motor  side,  it  has  also  been  largely  discussed  from  the  sensory 
side,  the  question  here  being  not  so  much  the  distribution  of  the 
sensory  nerves  as  the  number  of  ganglia  belonging  to  each  of 
the  cranial  nerves. 

With  respect  to  this  question,  morphologists  have  come  to  the 
conclusion  that  there  is  a  marked  difference  between  spinal  and 
cranial  nerves,  in  that  whereas  the  posterior  root  ganglia  of  the 
spinal  nerves  arise  from  the  central  nervous  system  itself,  i.e., 
from  the  neural  crest,  the  ganglia  of  the  cranial  nerves  arise 
partly  from  the  neural  crest,  partly  from  the  proliferation  of 
cells  on  the  surface  of  the  animal ;  and  because  of  the  situation 
of  these  proliferating  epidermal  patches  over  the  gill  clefts 
in  the  case  of  the  vagus  and  glossopharyngeal  nerves,  they  have 
been  called  by  Froriep^  and  Beard  ^  branchial   sense   organs. 

*  Froriep,  Arehivf.  Anat.  u,  Physiol. f  Anai.  Abth.,  1888,  pp.  1-65. 
2  Beard,  Quart,  Joum,  Micr,  Sci.,  vol.  26,  p.  95,  1885. 
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B&rd  divides  the  cranial  ganglia  into  two  sete,  one  connected 
with  the  neural  ridges,  called  the  neural  ganglia,  and  the  other 
connected  with  the  surface  cells,  which  he  calls  the  lateral 
ganglia.  This  second  set  corresponds  to  Eupffer^s  epibrancbial 
ganglia.  Now  it  is  clear  that  in  the  case  of  the  vagus  nerve, 
where,  as  is  well  shown  in  Ammocoetes,  the  nerve  is  not  a 
single  segmental  nerve,  but  in  reality  is  made  up  of  a  number  of 
nerves  going  to  separate  branchial  segments,  the  indication  of 
such  segments  is  not  given  by  the  main  vagus  ganglion  or  neural 
ganglion,  but  bj  the  series  of  lateral  ganglia.  So  also  it  is 
argued  in  the  case  of  the  trigeminal,  if  in  addition  to  the 
ganglion  cells  arising  from  the  neural  crest  separate  ganglion 
masses  are  found  in  the  course  of  development  in  connectioD 
with  proliferating  patches  of  the  surface  (plakodes,  Eupifer  calls 
them),  then  such  isolated  lateral  ganglia  are  indications  of 
separate  segments,  just  as  in  the  case  of  the  vagus,  even  though 
the  separate  segments  do  not  show  themselves  in  the  adult  So 
far  the  argument  appears  to  me  just,  but  the  further  conclusion 
that  the  presence  of  such  plakodes  shows  the  previous  existence 
of  branchial  sense  organs,  and  therefore  that  such  ganglia  are 
epibranehial  ganglia,  indicating  the  position  of  a  lost  gill  slit,  is 
not  justified  by  the  premises ;  if,  as  I  suppose,  the  trigeminal 
nerve  supplied  a  series  of  non-branchial  appendages  serially 
homologous  with  the  branchial  appendages  supplied  by  the 
vagus,  then  it  is  likely  enough  that  the  trigeminal  should  behave 
with  respect  to  its  sensory  ganglia  similarly  to  the  vagus  nerve, 
without  having  anything  to  do  with  branchiae. 

I  prefer,  therefore,  Beard's  original  term  '  lateral  ganglia '  to 
a  term  like  Eupffer's  'epibrancbial  ganglia,'  which  prejudges 
the  question.  Even  'lateral'  implies,  in  the  sense  in  which 
Beard  used  it,  a  connection  with  the  series  of  sense  organs  of  the 
lateral  line,  so  that  I  should  prefer  a  colourless  term  like 
*  plakodal '  to  express  this  series  of  ganglia. 

Such  plakodal  ganglia,  then,  may  give  valuable  indication  of 
non-branchial  segments  cus  well  as  branchial  ones.  The  researches 
of  Eupffer^  on  the  formation  of  the  trigeminal  ganglia  in 
Ammocoetes  are  the  chief  attempt  to  find  out  from  the  side  of 

^  '*Die  Entmcklung  der  Kopfnerven  von  Ammocoetes  Planeri,"  Miinohen, 
1895. 
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the  sensory  ganglia  the  number  of  segments  originally  belonging 
to  the  trigeminal.  In  the  full-grown  Ammocoetes,  as  is  well 
known,  there  are  two  distinct  ganglia  belonging  to  the  trigem- 
inal, the  one  the  ganglion  of  the  ram,  ophthalmicus,  the  other 
the  main  ganglion. 

These  two  ganglia  arise,  according  to  KupfiPer,  as  follows : — 
From  the  neural  crest,  Le.,  from  the  Zwischenstrang,  two  gan- 
glionic masses  arise,  each  of  which  becomes  connected  with  a 
proliferating  patch  uf  skin,  forming  altogether  two  chief  ganglia  ; 
the  part  of  the  ganglion  derived  from  the  skin,  the  lateral 
ganglion,  is  histologically  distinct,  being  more  cellular,  from  the 
part  derived  from  the  central  nervous  system,  the  median 
ganglion,  which  is  more  fibrous,  so  that  Kupifer's  chief  ganglion 
represents  Beard's  neural  ganglion  in  its  median  part  only.  In 
addition  to  this  connection  with  the  skin,  other  connections  are 
made  later,  to  which  he  ascribes  the  formation  of  a  series  of 
epibranchial  ganglia  belonging  to  the  trigeminal  group.  Some 
of  these  so-called  epibranchial  ganglia  arise  so  closely  in  con- 
nection with  the  lateral  part  of  the  chief  ganglion  as  to  make  it 
appear  decidedly  arbitrary  to  separate  such  lateral  ganglia  into 
a  different  category  to  the  epibranchial.  His  epibranchial 
ganglia  are  derived,  one  in  connection  with  the  second 
chief  ganglion,  and  four  in  connection  with  a  separate  nerve 
root,  which  does  not  possess  a  chief  ganglion,  to  which  he  gives 
the  name  of  n.  abducens;  these  four  epibranchial  ganglia  are 
arranged  in  a  row,  and  the  foremost  is  said  to  form  the  lens. 
Afterwards  these  epibranchial  ganglia  become  absorbed  into  the 
two  main  ganglia,  or  disappear. 

I  do  not  understand  that  he  himself  has  traced  the  so-called 
n.  abducens  into  the  external  rectus  muscle,  but  that  he  relies 
on  Ahlborn's  description.  Both  he  and  Ahlborn  consider  that 
this  nerve  arises  from  the  foremost  part  of  the  motor  trigeminal 
nucleus,  and  therefore  is  not  homologous  with  the  n.  abducens 
of  higher  vertebrates. 

It  seems  clear  that  further  research  is  necessary  to  establish 
the  true  position  of  this  nerve  root. 

In  any  case  Kupffer's  investigations  point  to  a  multiple  of 
segments  supplied  by  the  trigeminal  group,  and  he  himself  con- 
cludes that  the  trigeminal  originally  supplied  five  at  least,  prob- 

VOL.  XXXIV.  (N.S.  VOL.  XIV.) — JULY  1900.  2  M 
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ably  six,  segments.  For  my  own  part,  if  we  take  the  lateral  or 
plakodal  ganglia  as  indicative  of  segments,  then  Kupffer's  evi- 
dence  points  to  seven  rather  than  five  segments ;  for  in  additdon 
to  his  five  plakodal  ganglia,  to  which  he  gives  the  name  epi- 
branchial  ganglia,  he  describes  a  lateral  ganglion  which  is 
equally  plakodal,  as  forming  a  part  of  each  chief  ganglion,  so 
that  he  describes  seven  plakodal  ganglia  as  belonging  to  the 
trigeminal,  rather  than  five. 

I  have  thought  it  worth  while  to  state  thus  briefly  Kupffer's 
results,  not  because  their  meaning  is  clear  and  devoid  of  dispute, 
but  as  indicating  that  on  the  sensory  side  as  well  as  on  the 
motor  side  the  tendency  of  the  present  day  is  to  show  diat 
the  trigeminal  represents  a  multiple  of  nerves.  Whatever  the 
ultimate  verdict  on  Kupffer's  work  may  be,  it  is  clear  and 
suggestive  that  the  ganglion  formation  in  the  case  of  the 
cranial  nerves  differs  from  that  of  the  spinal  nerves  in  that  the 
formation  of  some  of  the  cells  of  the  former  has  special  relation 
to  special  skin  patches,  while  such  a  relation  is  not  found  in 
the  formation  of  the  latter ;  a  more  primitive,  more  anoestrul 
method  of  formation,  according  to  my  view,  and  one  associated 
with  the  former  presence  of  appendages,  for  it  is  in  the  append- 
age region  only  that  such  plakodal  ganglia  are  formed. 

In  accordance  with  the  views  of  this  series  of  papers,  a  possible 
interpretation  of  Kupffer's  plakodal  ganglia  would  be  given  as 
follows : — 

Beard,^  who  after  Froriep  drew  attention  to  this  relation  of 
the  cranial  ganglia  to  special  skin  patches,  has  compared  them 
with  the  parapodial  ganglia  of  Annelids,  i,e,y  ganglia  in  connec- 
tion with  Annelidan  appendages ;  whether  we  are  here  obtaining 
a  glimpse  of  the  far  off  Annelidan  ancestry  of  both  Arthropods 
and  Vertebrates  it  would  be  premature  at  present  to  say;  it  ia 
natural  enough  to  expect,  on  my  view,  to  find  evidence  of  Anne- 
lidan ancestry  in  Vertebrate  embryology  (as  has  been  so  often 
asserted  to  be  the  case),  seeing  that  undoubtedly  the  Arthropoda 
are  an  advanced  stage  of  Annelida ;  and  indeed  the  way  is  not 
far  when  we  consider  Beecher's*  evidence  that  the  Trilobites 

*  "  The  Development  of  the  Peripheral  Nervous  System  in  Vertebrates,**  Avur, 
Jour,  of  After,  Set.,  18S8. 

»  Beeoher,  "Natural  Classification  of  the  Trilobites,"  Amer.  Jour.  o/ScL,  S«. 
4,  vol.  iii.,  1897. 
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belong  to  the  Phyllopoda,  certainly  a  primitive  Crustacean  group, 
which  Bernard  ^  derives  directly  from  the  Chsetopoda. 

The  foremost  ganglion  on  each  side — ganglion  ophthalmicum 
— conedsts  of  a  chief  ganglion  and  a  lateral  ganglion,  thus  indi- 
cating a  single  most  anterior  pair  of  appendages,  possibly  the 
chelicerse. 

Then  comes  the  so-called  n.  abducens,  with  four  epibranchial 
ganglia  and  no  chief  ganglion,  indicating  on  each  side  four 
appendages  close  together,  possibly  the  endognaths. 

Then  finally,  on  each  side,  the  second  large  ganglion,  with  one 
lateral  and  one  epibranchial  ganglion,  indicating  two  pairs  of 
appendages,  the  ectognaths  and  the  metastoma. 

Anatomical  Evidence  of  the  numier  of  Segme^Us  belonging 

to  the  Trigeminal  Nerve, 

If  we  turn  now  to  the  work  of  the  anatomists,  and  endeavour 
to  get  a  clue  to  the  past  history  of  the  motor  part  of  the 
trigeminal  by  the  consideration  of  its  origin  in  the  central 
nervous  system,  we  see  that  its  centre  of  origin  is  exceedingly 
striking  in  its  distribution ;  we  may  take  it  for  granted  that  a 
nucleus  of  cells  giving  origin  to  one  or  more  segmental  motor 
nerves  will  possess  a  greater  or  less  longitudinal  extension  in 
the  central  nervous  system,  according  to  the  number  of  fused 
separate  segmental  centres  it  represents.  Thus  a  nucleus  like 
that  of  the  lYth  nerve  or  of  the  facial  is  small  and  compact 
in  comparison  to  the  long  extending  conjoint  nucleus  of  the 
vagus  and  cranial  accessory. 

Upon  examination  of  the  motor  nucleus  of  the  trigeminal, 
we  find  at  first  sight  a  compact  or  well-defined  nucleus,  the 
nud.  m>asticaioriuSy  the  nerves  of  which  supply  the  masseter, 
temporal,  and  other  muscles,  so  that  the  anatomical  evidence 
at  first  sight  appears  to  bear  out  Y.  Wijhe's  conclusion  that 
the  motor  trigeminal  supplies  at  most  two  segments ;  further 
examination,  however,  shows  that  this  is  not  all,  for  the  extra- 
ordinary so-called  descending  root  of  the  Vth  must  be  taken 
into  consideration  in  any  question  of  the  origin  of  the  motor 
elements,  just  as  the  equally  striking  ascending  root  enters 

1  Bernard,  *'The  Apodidee ;  A  Morphological  Study,"  Nature  Series,  1892. 
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into  the  consideration  of  the  meanii^  of  the  sensory  elements 
of  the  Vth. 

The  question  of  course  arises,  what  is  this  descending  root 
of  the  Vth — is  it  motor  or  sensory  ?  and  the  answer  is  distinctly 
in  favour  of  its  being  motor. 

In  a  paper  by  Gehuchten  ^  a  history  is  given,  and  it  is  stated 
that  Deiters  originally  thought  this  descending  root  belonged  to 
the  IVth  nerve,  and  lately  Golgi,  by  means  of  his  silver  method, 
has  asserted  the  same  thing.  Duval,  however,  has  shown  this 
to  be  erroneous  in  the  case  of  the  mole,  where  the  IVth  nerve 
is  atrophied,  and  yet  these  cells  and  nerves  exist.  KoUiker 
states  that  they  undoubtedly  belong  to  the  Vth  nerve,  and 
form  a  motor  root,  because  of  the  thickness  of  the  fibres,  their 
direct  connection  with  the  portio  minor,  and  the  impossibility 
of  any  other  explanation.  Lugaro  has  shown  by  Golgi's  method 
that  the  axis-cylinder  processes  of  these  vesicular  cells  form  the 
descending  root  of  the  trigeminal ;  and  Gehuchten,  by  Golgi's 
method,  has  traced  in  the  trout  the  axis-cylinder  processes  of 
these  cells  into  the  motor  root  of  the  trigeminal.  Also  Mayser, 
in  teleoBteans,  carp,  etc.,  finds  what  he  believes  to  correspond 
to  the  cells  of  the  descending  root  of  mammals,  in  the  shape  of 
vesicular  cells  which  start  in  the  neighbourhood  of  the  posterior 
commissure,  are  arranged  in  groups  of  2-6,  and  are,  he  believes, 
though  this  he  has  not  been  able  to  prove  satisfactorily,  con- 
nected by  means  of  large  fibres  with  that  part  of  the  motor  root 
of  the  trigeminal  which  arises  from  the  anterior  nucleus;  in 
the  fish  the  main  motor  nucleus  is  double,  being  divided  into 
an  anterior  and  a  posterior  nucleus.  Finally  Obersteiner,  in  his 
well-known  anatomy  of  the  central  nervous  system,  says : — 

"  The  motor  fibres  of  the  trigeminal  are  supposed  to  arise  from 
three  sources :  ^ 

**  1.  The  motor  nucleus  (mod.  masticcUorvua). 

"  2.  From  the  cells  of  the  JOocus  ccervieus  by  way  of  the  pos- 
terior longitudinal  bundle  to  the  motor  root. 

*'  3.  From  the  region  of  the  mid-brain  the  motor  root  receives 
an  important  addition  of  thick  fibres,  which  form  the  cerebral 

^  Gehuchten,  "De  I'origine  du  pathetique  et  de  la  racine  superieore  da  trya- 
meau,'*  Acad,  d.  Sci.  Belg,  Bulletin^  8rd  ser.,  vol.  29,  1896. 
3  Nervoaen  Centralorgane,  1596,  3^  Aufl.,  page  404. 
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or  descending  root.  The  large  round  vesicular  cells  from  which 
the  fibres  of  the  descending  root  arise  form  no  single  compact 
group,  but  are  partly  single,  partly  arranged  like  little  bunches 
of  grapes,  as  far  as  the  region  of  the  anterior  corpora  quadri- 
gemina.  The  further  we  go  brainwards  the  smaller  is  the 
number  of  fibre&  In  the  region  of  the  anterior  corpora  quadri- 
gemina,  the  few  cells  of  origin  are  found  more  and  more 
median;  so  that  the  uppermost  trigeminal  fibres  descend  in 
curves  almost  from  the  mid-line,  as  is  shown  by  the  exceptional 
occurrence  of  one  or  more  of  the  characteristic  cells  above  the 
aqueduct.  At  the  height  of  the  posterior  commissure  one  finds 
the  last  of  these  trigeminal  cells." 

Obersteiner  considers  that  the  origin  of  the  motor  root  from 
(1)  and  (3)  is  certain,  but  from  (2)  is  doubtful. 

The  most  recent  attempt  to  settle  the  meaning  of  the  de- 
scending root  of  the  Vth  nerve  is  a  paper  by  Terterjanz,^  in 
which  he  attempts  experimentally  to  test  Kolliker's  suggestion 
that  the  muscles  supplied  by  the  descending  root  may  be  the 
tensor  veil  palatini  and  the  tensor  iympani.  As  a  consequence 
of  the  extirpation  of  the  tensor  veli  palatini  in  young  kittens, 
he  finds  20-38  days  afterwards  distinct  degeneration  in  the 
fibres  of  the  descending  root  on  both  sides,  as  given  by  the 
Marchi  method,  and  concludes  that  Kolliker's  suggestion  is  a 
good  one,  and  that  the  m.  tensor  veli  palatini  is  one  of  the 
muscles  innervated  by  the  descending  root  of  the  Vth  nerve. 

The  anatomy  of  the  Vth  nerve  reveals,  then,  three  most 
striking  facts : — 

1.  The  motor  nucleus  of  the  Vth  extends  from  the  very  com- 
mencement of  the  infra-infundibular  region  to  nearly  the  com- 
mencement of  the  nucleus  of  the  Vllth;  in  other  words,  the 
motor  nucleus  of  the  Vth  extends  through  the  whole  prosomatic 
region,  just  as  it  must  have  done  originally  if  its  motor  nerves 
supplied  the  muscles  of  the  prosomatic  appendages.  Such  an 
extended  range  of  origin  is  indicative  of  the  remains  of  an  equally 
extended  series  of  segmental  centres  or  ganglia. 

2.  Of  these  centres  the  caudalmost  have  alone  remained  large 
and  vigorous,  constituting  the  nucleus  masticatorius,  which  in 
the  fish  is  divided  into  an  anterior  and  posterior  group,  thus 

^  **Die  obere  Trigeminus- Wurzel,"  Arch./,  mxhr.  Anat,^  Bd.  liii.  s.  632,  1899. 
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indicating  a  double  rather  than  a  single  nucleus;  while  the 
foremost  ones  have  dwindled  away  until  they  are  represented 
only  by  the  cells  of  the  descending  root,  the  muscles  of  these 
segments  being  still  represented  by  possibly  the  tensor  vdi 
palatini  and  the  other  muscles  innervated  from  these  cells. 

3.  The  headmost  of  these  cells  takes  up  actually  a  position 
dorso-lateral  to  the  central  canal,  so  that  the  groups  on  each 
side  nearly  come  together  in  the  mid-dorsal  line ;  a  very  unique 
and  extraordinary  position  for  a  motor  cell  group,  but  not 
unlikely  when  we  recall  to  mind  Brauer's  ^  assertion  as  to  the 
shifting  of  the  foremost  prosomatic  ganglion  cells  of  the  scorpion 
from  the  ventral  to  the  dorsal  side  of  the  alimentary  canal 

The  anatomical  evidence  seems  to  me  to  bear  out  the  mor- 
phological evidence,  and  su^ests  distinctly  that  the  prosomatic 
region  of  the  brain  gave  origin  to  a  series  of  nerves,  the  tri- 
geminal nerves,  which  supplied  a  series  of  prosomatic  appendages, 
probably  seven,  the  foremost  of  which,  probably  five,  dwindled 
away  and  became  insignificant,  leaving  as  trace  of  their  former 
presence  the  descending  root  of  the  Vth,  while  the  hindermost, 
probably  two,  remained  vigorous  and  developed,  leaving  as  proof 
of  their  presence  the  nucleus  masticatoritis.  The  evidence  as  to 
the  truth  of  this  suggestion  and  the  exact  nature  of  this  dwind- 
ling process  will  be  given  when  I  come  to  point  out  the  teaching 
of  Ammocoetes ;  while  the  importance  of  the  last  two  append- 
ages comes  clearly  to  light  when  we  consider  the  changes  which 
take  place  at  transformation. 

The  Meaning  of  the  Eye  Miiscle  Nerves, 

So  far  I  have  discussed  in  these  series  of  papers  the  meaning 
of  the  various  segmental  cranial  nerves,  i.e,,  infra-infundibular 
nerves  supplying  splanchnic  segments,  and  have  come  to  the 
conclusion  that  they  were  all  derived  from  nerves  to  meso- 
somatic  and  prosomatic  appendages.  I  have,  however,  as  yet  not 
discussed  the  corresponding  nerves  to  somatic  segments,  except 
incidentally.  In  the  case  of  the  trigeminal  group,  it  is  im- 
possible to  discuss  the  splanchnic  segments  without  taking  into 
consideration  at  the  same  time  the  somatic  segments,  ie.,  the 

'  Loc,  eit. 
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nerves  of  the  prosoma  itself,  so  that  at  this  stage  of  the  ail- 
ment it  is  advisable  to  cousider  the  innervation  of  the  seg- 
ments of  the  mesosoQia  and  prosoma.  Here  also  it  is  advisable 
to  consider  first  the  motor  elements,  in  other  words  the  nerves 
which  supply  the  musculature  derived  from  the  dorsal  meso- 
blastic  segments  of  v.  Wijhe ;  and  in  order  to  simplify  the  task, 
I  will  take,  in  the  first  place,  all  the  segments  up  to  and 
inclusive  of  the  glossopharyngeal,  because,  as  already  mentioned, 
that  is  a  more  fixed  point  than  the  vagus,  which,  as  is  known,  is 
variable  in  the  number  of  its  segments,  and  also  in  order  not  to 
confuse  the  issue  by  the  discussion  of  the  position  of  the 
hypoglossal  nerve.  The  only  universally  recognised  somatic 
nerves  belonging  to  these  segments  which  exist  in  the  adult  are 
the  nerves  to  the  eye-muscles,  of  which,  according  to  v.  Wijhe, 
the  oculomotor  is  the  nerve  of  the  1st  segment ;  the  trochlearis 
of  the  2nd,  and  the  abducens  of  the  3rd,  while  the  nerves  and 
muscles  belonging  to  the  4th  and  5th  segments,  i^.,  the  2nd 
facial  and  glossopharyngeal  segments  respectively,  show  only  the 
merest  rudiments,  and  do  not  exist  in  the  adult.  One 
significant  fact  appears  in  this  statement  of  v.  Wijhe,  and  is 
accepted  by  all  those  who  follow  him,  viz.,  that  the  oculomotor 
nerve  has  equal  segmental  value  with  the  trochlearis  and  the 
abducens,  although  it  supplies  a  number  of  muscles,  each  of 
which,  on  the  face  of  it,  has  the  same  anatomical  value  as  the 
superior  oblique  or  external  rectus.  Dohm  alone,  as  far  as  I 
know,  as  already  pointed  out,  insists  upon  the  multiple 
character  of  the  oculomotor  nerve. 

As  far  as  the  anatomist  is  concerned,  the  evidence  is  becoming 
clearer  and  clearer  that  the  nucleus  of  the  3rd  nerve  is  a 
composite  ganglion  composed  of  a  number  of  nuclei  similar  to 
that  of  the  trochlearis,  so  that  if  the  trochlearis  nucleus  is  a 
segmental  motor  nucleus,  then  the  oculomotor  nucleus  is  a 
combined  nucleus  belonging  to  at  least  four  segmental  nerves, 
each  of  which  has  the  same  value  as  that  of  the  trochlearis. 

The  investigations  of  a  number  of  anatomists, among  whom  may 
be  mentioned  Gudden,  Obevsteiner,  Edinger,  Kolliker,Gehuchten, 
all  lead  directly  to  the  conclusion  that  this  oculomotor  nucleus 
is  composed  of  a  number  of  separate  nuclei,  some  of  which,  the 
most  anterior  and  the  Edinger  Westphal  nucleus,  contain  small 
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cells,  while  the  others  contain  large  cells.  Thus  Ediuger 
divides  the  origin  of  the  oculomotor  nerve  in  to.  a  small  celled 
anterior  part  and  a  larger  posterior  part  of  which  the  cells  are 
larger  and  distinctly  arranged  in  three  groups — 1.  dorsal,  2. 
ventral,  and  3.  median.  Between  the  anterior  and  posterior 
groups  lies  the  Edinger  -  Westphal  nucleus,  which  is  small 
celled ;  naturally,  the  large  celled  group  is  that  which  gives 
origin  to  the  motor  nerves  of  the  eye-muscles,  the  small  celled 
being  possibly  concerned  with  the  motor  nerves  of  the  pupillary 
and  cihary  muscles.  I  may  mention  that  EoUiker  considers 
that  the  anterior  lateral  nucleus  has  nothing  to  do  with  the 
oculomotor  nerve,  but  is  a  group  of  cells  in  which  the  fibres  of 
the  post -longitudinal  bundle  and  of  the  deep  part  of  the 
posterior  commissure  terminate. 

These  conclusions  of  Edinger  are  the  outcome  of  work  done 
in  his  laboratory  by  Perlia,^  who  says  that  in  new-bom  animals 
the  nucleus  of  origin  is  made  up  of  a  nimiber  of  groups  quite 
distinct  from  each  other,  each  group  being  of  the  same 
character  as  that  of  the  trochlearis.  He  finds  the  same 
arrangement  in  various  mammals  and  birds.  Further,  he  finds 
that  some  of  the  fibres  arise  from  the  nucleus  of  the  opposite 
side,  thus  crossing  as  in  the  trochlearis ;  these  crossing  fibres 
belong  to  the  most  posterior  of  the  dorsal  group  of  nuclei,  i.e.y  to 
the  inferior  oblique. 

The  evidence  therefore  points  to  the  conclusion  that  the 
oculomotor  nucleus  is  a  multiple  nucleus,  each  part  of 
which  gives  origin  to  one  of  the  nerves  of  one  of  the  eye- 
muscles. 

Edinger,^  in  his  latest  edition,  says  that  there  is  such  an  array 
of  clinical  observations,  and  of  facts  derived  from  post-mortem 
dissections,  that  one  may  venture  to  designate  the  portion  of  the 
nucleus  from  which  the  innervation  of  each  individual  ocular 
muscle  comes.  He  gives  Starr's  table,  the  latest  of  these  numer- 
ous attempts  so  happily  begun  by  Pick.  According  to  Starr  the 
nuclei  of  the  individual  muscles  are  arranged  from  before  back- 
ward, thus : — 

1  Arch./.  Ophthalmol,  vol.  35,  1889,  p.  287. 

^  Anatomy  of  Central  Nervous  System  in  Man  and  in  Vertebrates,  translated  by 
Hall,  1899. 
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m.  aph.  iridis.  m.  ciliaris. 

m.  levator  palpebr.  m.  rect.  int. 

m.  rect.  sup.  m.  rect.  inf. 
obi.  inf. 

Further,  the  evidence  of  the  well-known  physiological  experi- 
ments of  Hensen  and  Volkers  that  the  terminal  branches  of  the 
oculomotor  nerve  arise  from  a  series  of  segments  of  the  nucleus, 
arranged  more  or  less  one  behind  the  other  in  a  longitudinal 
row,  leads  them  to  the  conclusion  that  the  nuclei  of  origin  are 
arranged  as  follows,  proceeding  from  head  to  tail : — 

Nearest  brain,      1.  Accommodation  nerves. 

2.  m.  sphincter  iridis. 

3.  m.  rectus  intemus. 
4  m.  rectus  superior. 

.      5.  m.  levator  palpebrse. 
6.  m.  rectus  inferior. 
Most  posterior,     7.  m.  obliquus  inferior. 

It  is  instructive  to  compare  this  arrangement  of  Hensen  and 
Volkers  with  the  arrangement  of  the  origin  of  these  muscles 
from  the  premandibular  cavity  as  given  by  Miss  Piatt. 

Thus  she  states  that  the  most  posterior  part  of  the  preman- 
dibular cavity  is  cut  off,  so  as  to  form  a  separate  cavity, 
resembling,  except  in  position,  the  anterior  cavity  ;  this 
separate  most  posterior  part  gives  origin  to  the  inferior  oblique 
muscle ;  then  she  goes  on  to  describe  how  the  dorsal  wall  of  the 
remainder  of  the  premandibular  cavity  becomes  thickened  to 
form  posteriorly  the  rudiment  of  the  inferior  rectus,  anteriorly 
the  rudiments  of  the  superior  and  internal  recti,  a  slight  depres- 
sion in  the  wall  of  the  cavity  separating  these  rudiments.  The 
internal  rectus  is  the  more  median  of  the  two  anterior  muscles. 

In  other  words,  her  evidence  points  not  only  to  a  fusion  of 
somites  to  form  the  premandibular  cavity,  but  also  to  the 
arrangement  of  these  somites  as  follows,  from  head  to  tail: — (1) 
internal  rectus,  (2)  superior  rectus,  (3)  inferior  rectus,  (4) 
inferior  oblique,  an  order  precisely  the  same  as  that  of  Hensen 
and  Volkers,  and  of  Starr. 

I   conclude,  from   the  agreement  between   the    anatomical, 
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physiological,  and  morphological  evidence,  that  the  Ilird  and 
IVth  nerves  contain  the  motor  somatic  nerves  belonging  to  the 
same  segments  as  the  motor  trigeminal ;  in  other  words,  to  Uie 
prosomatic  segments ;  so  that  the  eye-muscles  innervated  by 
III  and  lY  represent  segmental  muscles  belonging  to  the 
prosoma ;  and  I  conclude  that  originally  there  were  seven  pro- 
somatic  segments,  the  first  of  which  is  represented  by  the 
anterior  cavity  of  Miss  Piatt,  and  does  not  form  any  permanent 
muscles ;  the  next  four  belong  to  the  premandibular  cavity,  and 
the  muscles  formed  are  superior  rectus,  internal  rectus,  inferior 
rectus,  and  inferior  oblique;  and  the  last  two  belong  to  the 
mandibular  cavity,  and  the  muscles  formed  are  Miss  Platfs 
mandibular  muscle  and  the  superior  oblique.  It  is,  to  cay  the 
least  of  it,  a  striking  coincidence  that  such  an  arrangement  of 
the  coelomic  cavities  here  should  be  so  closely  mimicked  by  the 
arrangement  in  the  prosomatic  region  of  Limulus  as  abeady 
mentioned ;  it  suggests  inevitably  that  the  head  cavities  of  the 
vertebrate  are  nothing  more  than  the  prosomatic  and  meso- 
somatic  segmental  coelomic  cavities,  as  found  in  animals  like 
Limulus.  In  the  table  on  p.  483  I  have  inserted  the  segments 
in  the  vertebrate  to  compare  with  the  Limulus  segments. 

Before  we  can  come  to  any  conclusion  as  to  the  original  posi- 
tion of  these  eye-muscles,  it  is  necessary  to  consider  the  Vlth 
nerve  and  the  external  rectus  muscle.  This  nerve  and  this 
muscle  belongs  to  v.  Wijhe's  4th  segment,  i.^.,  is  the  somatic 
segmental  muscle  belonging  to  the  same  segment  as  the  facial; 
is,  in  fact,  not  a  segmental  muscle  belonging  to  the  prosoma,  but 
to  the  mesosoma.  Further,  v.  Wijhe's  researches,  and  others 
agree  with  them,  point  to  the  conclusion  that  this  muscle  is  the 
only  somatic  segmental  muscle  left  in  all  the  mesosomatic  s^- 
ments,  with  the  possible  exception  of  the  retractor  bulbi ;  for,  as 
already  pointed  out,  the  corresponding  muscles  for  the  5th  and 
6th  segments,  ie,,  the  2nd  facial  and  glossopharyngeal  seg- 
ments do  not  persist,  but  are  only  indicated  in  the  embryo. 
Neal  ^  comes  to  the  conclusion  that  the  existing  abducens  is  the 
only  root  which  remains  permanent  among  a  whole  series  of 
corresponding  ventral  roots  belonging  to  the  opisthotic  segments, 
and  further  points  out  that  the  external  rectus  was  originally  au 

1  Op.  cU. 
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opisthotic  muscle  which  has  taken  up  a  pro-otic  position,  i.e,, 
translating  into  the  language  of  Limulus,  etc.,  a  mesosomatic 
muscle  which  has  taken  up  a  prosomatic  position. 

With  respect  to  the  external  rectus  muscle,  Miss  Piatt  has 
shown  that  the  mandibular  muscle  is  formed  close  alongside  the 
external  rectus,  so  that  the  two  are  in  close  relationship  as  long 
as  the  former  exists. 

What,  then,  is  the  interpretation  of  these  embryological  facts  ? 
As  already  mentioned,  the  eye-muscles  in  Ammocoetes  must  be 
considered  by  themselves ;  they  do  not  belong  in  structure  or 
position  to  the  longitudinal  somatic  muscles  innervated  by  the 
spinal  nerves ;  their  structure  is  not  the  same  as  that  of  the 
tubular  constrictor  branchial  muscles,  but  resembles  that  struc- 
ture somewhat;  their  position  is  dorso-ventral  rather  than 
longitudinal ;  they  may  be  looked  upon  as  a  primitive  type  of 
somatic  muscle  segmentally  arranged,  the  direction  of  which 
was  dorso-ventral. 

Also  Anderson,  in  a  research  not  yet  published,  has  shown, 
and  has  given  me  permission  to  state,  that  the  time  of  medulla- 
tion  of  the  nerves  supplying  these  muscles  is  much  earlier  than 
that  of  the  nerves  belonging  to  the  somatic  trunk  muscles,  their 
meduUation  taking  place  at  the  same  time  us  the  motor  nerves 
supplying  the  striated  visceral  muscles;  and  Sherrington  has 
observed  that  these  muscles  do  not  possess  muscle  spindles, 
while  all  somatic  trunk  muscles  do.  Both  these  observatious 
are  strong  confirmation  that  the  eye-muscles  must  be  classified 
in  a  different  category  to  the  ordinary  trunk  somatic  muscle 
group. 

Remembering  the  tripartite  division  of  each  segmental  nerve 
group  in  Limulus  into  (1)  dorsal  or  sensory  somatic,  (2)  append- 
age nerve,  and  (3)  ventral  somatic,  I  venture  to  suggest  that  the 
three  nerves,  the  oculomotorius,  the  trochlearis,and  the  abducens, 
represent  the  ventral  somatic  nerves  of  the  prosoma,  and  partly 
also  of  the  mesosoma;  nerves,  therefore,  which  may  have 
originally  contained  sensory  fibres,  and  which  still  contain  the 
sensory  fibres  of  the  eye-muscles  themselves,  according  to 
Sherrington.  According  to  this  suggestion,  the  eye-muscles  are 
the  sole  survivors  of  the  segmental  dorso-ventral  somatic 
muscles,  so  characteristic  of  the  group  from  which  I  imagine  the 
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vertebrates  to  have  sprang.  In  the  mesoeomatic  region  the 
dorso-ventral  muscles  which  were  retained  were  those  of  the 
appendages,  and  not  of  the  mesosoma  itself,  because  the  pre- 
sumed ancestor  breathed  after  the  fashion  of  the  water-breathing 
limulus,  bj  means  of  the  dorso-ventral  muscles  of  its  branchial 
appendages,  and  not  after  the  fashion  of  the  air-breathing 
scorpion,  by  means  of  the  dorso-ventral  muscles  of  the  mesosoma ; 
the  only  mesosomatic  dorso-ventral  muscles  which  were  retained 
were  those  of  the  foremost  mesosomatic  segment,  «'.«.,  those 
supplied  by  the  Vlth  nerve,  which  were  preserved  owing  to 
their  having  taken  on  a  prosomatic  position  and  become  utilised 
to  assist  in  the  movements  of  the  lateral  eyes.  The  behaviour 
of  the  foremost  pair  of  mesosomatic  vertical  muscles  in  limulus, 
as  already  mentioned,  is  distinctly  suggestive  in  this  respect, 
and  still  more  so  are  the  corresponding  pair  of  muscles  in 
Scorpio  (65),  according  to  Miss  Beck. 

The  embryonic  history  of  the  muscular  formation  in  the 
mesosomatic  or  branchial  region,  as  given  by  v.  Wijhe  and  Neal, 
shows  that  the  characteristic  of  this  region  is  the  formation  of 
the  branchial  musculature  from  the  ventral  mesoderm  segments, 
and  the  non-formation  of  the  somatic  musculature  from  the 
dorsal  mesoderm  segments,  with  the  exception  of  the  external 
rectus  muscle. 

In  the  prosomatic  region  the  dorso-ventral  muscles  which 
were  retained  were  rather  those  of  the  prosoma  than  of  the 
prosomatic  appendages.  The  evidence  of  Miss  Piatt,  v.  Wijhe, 
and  others  leads  to  the  following  conclusions. 

The  foremost  prosomatic  segment  stood  separate  and  apart, 
being  situated  most  anteriorly ;  the  musculature  of  this  segment 
does  not  develop,  so  that  the  only  evidence  of  its  presence  is 
given  by  the  anterior  coelomic  cavity.  This  corresponds,  accord- 
ing to  my  pcheme,  with  the  first  or  anterior  coelomic  cavity  of 
Limulus,  and  therefore  represents,  as  far  as  the  prosomatic 
appendages  are  concerned,  the  first  prosomatic  appendage  pair, 
or  the  chelicerse ;  the  appendage  muscles  being  the  muscles  of 
the  chelicerse,  and  the  dorso-ventral  somatic  muscles  the  pair  of 
dorso-cheliceral  sternal  muscles  (61)  in  the  scorpion.  Both 
these  sets  of  muscles  therefore  dwindle  and  disappear  in  the 
vertebrate.     Then  came  four  segments  fused  together  to  form 
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the  premandibular  segment,  the  characteristic  of  which  is  the 
apparent  non-formation  of  the  musculature  from  the  ventral 
mesoderm  segment,  and  the  formation  of  the  eye-muscle& 
innervated  by  the  oculomotor  nerve  from  the  dorsal  mesoderm 
segments.  These  four  segments  have  been  so  fused  together 
that  V.  Wijhe  looked  upon  them  as  a  single  segment,  and  the 
premandibular  cavity  as  the  cavity  of  a  single  segment.  They 
represent,  according  to  my  scheme,  the  segments  belonging  to 
the  endognaths,  i.e,,  the  second,  third,  fourth,  fifth  pairs  of  pro- 
somatic  appendages ;  the  premandibular  cavity  therefore  repre- 
sents the  second  coelomic  cavity  in  Limulus,  which,  according  to 
Eishinouye,  is  the  sole  representative  of  the  coelomic  cavities  of 
the  second,  third,  fourth,  fifth  prosomatic  segments ;  the  musclc& 
derived  from  the  ventral  mesoderm  represent  the  muscles  of 
these  appendages,  which  therefore  dwindle  and  disappear  in  the 
vertebrate,  with  the  possible  exception  of  the  muscles  innervated 
by  the  descending  root  of  the  trigeminal ;  the  muscles  derived 
from  the  dorsal  mesoderm,  i,e.y  the  eye-muscles  supplied  by  the 
oculomotor  nerve,  represent  the  dorso-ventral  somatic  muscles 
of  these  four  segments,  muscles  which  are  represented  in  the 
scorpion  by  the  recti  group  of  muscles,  i.e,,  the  median  dorso- 
preoral  entosclerite  muscles  (62). 

Then  came  two  segments,  the  mandibular,  in  which  muscles 
are  formed  both  from  the  ventral  and  from  the  dorsal  mesoderm 
segments ;  from  the  former  the  main  mass  of  muscles  innervated 
by  the  motor  root  of  the  trigeminal,  from  the  latter  the  superior 
oblique  muscle  and  the  mandibular  muscle  of  Miss  Flatt,  of 
which  the  former  alone  survives  in  the  adult  condition.  These 
two  segments  are  looked  upon  as  a  single  segment  by  v.  Wijhe, 
of  which  the  mandibular  cavity  is  the  coelomic  cavity.  They 
represent,  according  to  my  scheme,  the  segments  belonging  to 
the  sixth  pair  of  prosomatic  appendages  or  ectognaths,  and  the- 
seventh  pair,  i.e,,  the  chilaria  or  metastoma. 

The  first  part,  then,  of  *  the  mandibular  cavity  represents  the 
third  coelomic  cavity  in  Limulus,  and  the  muscles  derived  from 
the  ventral  mesoderm,  in  all  probability  the  muscles  of  the 
tongue  in  the  lamprey  (see  Part  VII.),  which  represents  the 
ectognaths  or  sixth  pair  of  prosomatic  appendages,  while  the* 
muscles  derived  from  the  dorsal  mesoderm,  i.e.,  the  superior 


504  DB  WALTER  EL  6ASKSLL. 

oblique  muscles,  represent  the  dorso-ventral  somatic  muscles  of 
this  segment,  muscles  which  are  represented  in  the  scorpion 
group  by  the  pair  of  anterior  dorso- plastron  or  oblique 
muscles  (63). 

The  second  part  of  the  mandibular  cavity  represents  the  4th 
coelomic  cavity  in  limulus  and  the  muscles  derived  from  the 
ventral  mesoderm,  in  all  probability  the  muscles  of  the  lower 
lip  in  the  lamprey  (see  Part  VI L),  which  represents  the 
metastoma,  while  the  muscles  derived  from  the  dorsal  mesoderm, 
i,e,,  Miss  Piatt's  pair  of  mandibular  muscles,  represent  the 
dorso-ventral  somatic  muscles  of  this  segment,  muscles  which 
are  represented  in  the  scorpion  group  by  the  pair  of  median 
dorso-plastron  muscles  (64). 

In  connection  with  this  last  pair  of  muscles  we  find  (as  already 
mentioned,  p.  500),  that  the  external  rectus  in  the  vertebrate 
represents  the  1st  dorso-ventral  mesosomatic  muscle  in  the 
scorpion,  i,e.,  the  posterior  dorso-plastron  muscle  (65),  and,  as 
already  mentioned,  that  it  always  lies  closely  alongside  the 
mandibular  muscle,  just  as  in  the  scorpion  group  muscle  (65) 
always  lies  alongside  (64). 

Now,  the  external  rectus  muscle  is  not  the  only  muscle 
innervated  by  the  Vlth  or  abducens  nerve,  for  the  retractor 
bulbi  is  also  innervated  by  this  nerve.  This  latter  muscle  is  not 
considered  in  Miss  Piatt's  scheme,  and  it  would  therefore  be 
very  interesting  to  know  how  the  retractor  bulbi  is  formed. 

The  question  naturally  arises — What  explanation  can  you 
give  by  which  these  dorso-ventral  muscles  attached  on  each  side 
of  the  mid-dorsal  line  to  the  prosomatic  carapace,  became 
converted  into  the  muscles  moving  the  eyeballs  of  the  two 
lateral  eyes;  an  explanation  which  must  take  into  account 
not  only  the  isolated  position  of  the  abducens  nerve,  but  also 
the  extraordinary  course  of  the  trochlearis.  The  natural  and 
straightforward  answer  to  this  question  appears  to  me  quite 
satisfactory,  and  I  therefore  venture  to  commend  it  to  my 
readers. 

I  have  argued  the  case  out  to  myself  as  follows : — ^Tbe  lateral 
eyes  must  have  been  originally  situated  externally  to  the  group 
of  muscles  innervated  by  the  oculomotor  nerve,  for  a  sheet  of 
muscle  representing  the  superior  irUerTial  and  inferior  rectus 
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muscles  could  only  wrap  round  the  internal  surface  of  each 
lateral  eye  ;  i,e.,  the  arrangement  of  the  muscle  sheet  as  in  the 
scorpion,  about  two  median  eyes,  is  in  the  wrong  position,  for  if 
those  two  eyes,  which  are  the  main  eyes  in  the  scorpion,  were 
to  move  outwards  to  become  two  lateral  eyes,  then  such  muscle 
group  would  form  a  superior,  external  and  inferior  rectus  group. 
The  evidence,  however,  of  Eurypterus  and  similar  forms  is  to  the 
effect  that  the  lateral  eyes  became  big  and  the  median  eyes 
insignificant  and  degenerate.  If,  then,  with  the  degeneration  of 
the  one  and  the  increasing  importance  of  the  other,  these  lateral 
eyes  came  near  the  middle  line,  then  the  muscular  group  (62) 
which  I  have  called  the  recti  group  would  naturally  be  pressed 
into  their  service,  and  would  form  an  internal  and  not  an 
external  group  of  eye-muscles. 

In  fig.  8a,  taken  from  Miss  Beck's  paper,  I  have  shown  the 
relative  position  of  the  eyes  and  the  segmental  dorso-ventral 
prosomatic  muscles  on  the  carapace  of  the  scorpion.  In  fig.  8b 
I  have  drawn  the  prosomatic  carapace  of  Eurypterus  Scauleri, 
taken  from  Woodward's  paper,  with  the  eyes  as  represented 
there;  in  this  I  have  inserted  the  segmental  dorso-ventral 
muscles  after  the  fashion  of  the  scorpion,  thereby  demonstrat- 
ing how,  with  the  degeneration  of  the  median  eyes  and  the  large 
size  of  the  lateral  eyes,  the  recti  muscles  of  the  scorpion  would 
approach  the  position  of  an  internal  recti  group  to  the  lateral 
eyes,  and  so  give  origin  to  the  group  of  muscles  innervated  by 
the  oculomotor  nerve. 

In  the  Eurypterus  these  large  eyes  are  large  single  eyes,  not 
separate  ocelli  as  in  the  scorpion. 

All,  then,  that  is  required  is  that  in  the  first  formed  fishes, 
which  still  possessed  the  dorso-ventral  muscles  of  their  Eurypterid 
ancestors,  the  lateral  eyes  should  be  the  important  organs  of 
sight,  large  and  near  the  mid-dorsal  line. 

Such  indeed  is  found  to  be  the  case.  In  amongst  the  masses 
of  Eurypterids  found  in  the  upper  Silurian  deposits  at  Oesel,  as 
described  by  Eohon,  ^  numbers  of  the  most  ancient  fish  forms 
are  found  belonging  to  the  genera  Thyestes  and  Tremataspis ; 

^  "  Die  obersilurischen  Fische  von  Oesel  by  J.  W.  Rohon,  1st  Theil  Thyestide 
nnd  Tremataspide,"  M^.  de  PAead,  Imp,  d,  Sci.  d.  St  Petersbourg,  vii.  ser.,  vol. 
xxxriii.,  1892. 
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Dono  -  ventral  mnacles  on 
carapace  of  scorpion  (from 
Miss  Beck).  62-65  refer  to 
Miss  Beck's  catalogae  of 
the  scorpion  mosclea. 


B. 

Similar  muscles  on  carapace 
of  Eaiyptems. 


C. 

Similar  muscles  on  head 
shield  of  a  Cephalsspid. 
l.e,  lateral  eyes;  ae,  cen- 
tral eyes;  Fro,  ntrial 
opening. 


Fio.  8. 
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forma  which  are  looked  upon  as  fish  because  of  the  bone  tissue 
in  their  upper  aod  lower  head  shields,  forms  which  in  every 
respect  are  exactly  of  the  kind  which  ought  to  have  existed 
according  to  my  theory,  as  is  explained  fully  in  Part  VIII., 
dealing  with  the  palfeontological  evidence.  Here  it  is  sufficient 
to  give  a  picture  of  the  dorsal  head  shield  of  Thyeates  verrucosus 
{fig.  9)  and  of  Treinaiaspis  Miekmtzi  (fig.  10),  taken  from 
Rohon's  paper,  to  show  how  the  two  lateral  eyes  were  situated 
close  on  each  aide  of  the  mid-dorsal  line  in  these  Eurypterus- 
like  fishes,  in  the  very  position  where  they  must  have  been  if 
the  eye-muscles  were  derived  from  the  doreo-ventral  somatic 
muscles  of  a  Eurypterid  ancestor. 

In  Lankester's  *  words,  one  of  the  characteristics  of  the 
Osteoetraci  (CephalaBpis,  Aucheiiaspis,  etc.),  as  distiDguished  from 
the  Heterostraci  (Fteraspis),  are  the  large  orbits  placed  near  the 


Fifj.  S.  — Dorwl  bead  ahiald  of  Thjestes  (Auchenaspia)  verrocoaiu  {from  Rohon). 
Fro,  narial  opening ;  le,  luteml  Byes ;  gl,  gUbellum  or  plate  over  br«in  ; 
Oce,  occipital  region. 

centre  of  the  shield.  The  apparent  exception  of  Thyestes 
mentioned  by  him  is  no  exception,  for  orbits  of  the  same  character 
have  since  been  discovered,  as  is  seen  in  fig.  9.  In  fig.  8c  I  give 
an  outline  of  the  frontal  part  of  the  head  shield  of  a  Cepbal- 
aspid,  in'which  I  have  drawn  the  eye-muscles  as  in  the  other 
two  figures. 

■  A  MoaogrspVof  the  Fiabes  of  the  Old  Red  Sandstone  of  Britain,  by  J.  Powrie 
■nd  E.  Ray  Laukester.  Part  1,  The  Cephala-ipidtt,  Palieontographioal  Society, 
1S68,  p.  S. 

VOL.  XXXIV.  (N.S.  VOL.  XIV.) — JULY  1900.  2  N 
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Next  comes  the  question  of  the  superior  oblique  muacle  and 
the  trochlearis  iierve.  Why  does  this  nerve  alone  of  all  the 
nerves  in  the  body  take  the  peculiar  position  it  always  does 
take  ?  The  only  suggestion  that  I  know  of  which  sounds  reasoD- 
ahle  and  worth  consideration  is  that  put  forward  by  Fiii- 
bringer,  ^  which  is  an  elaboration  of  the  original  suggestion  of 
HofTmann. 

HofTmaDn^  suggested  in  1889  that  the  trochlearis  nerve 
represented  originally  a   nerve  for  a   protecting  organ  of  the 
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Fig.  10.— Dora&l  bead  shield  of  TnniataspiaMklcn-iUi  (Tram  Bobon).   Fro.nirisl 
opening;  le,  lateral  ejee;   gl,  gUbellum  plats  over  braio  ;  Oct,  occipiBl 

pineal  eye,  which  became  secondarily  a   motor   nen'e  for  the 
lateral  eye  as  the  pineal  eye  degenerated. 

Fiirbringer  (p.  681)  differs  from  Hoffmann  in  that  heconsideR 
that  the  nerve  was  originally  a  motor  nerve,  and  was  not  trans- 
formed from  sensory  to  motor,  yet  thinks  Hoffmann's  suggestion 
in  the  right  direction.  * 

'  "  Ueber  <1.  Spino-occipitaUn  Nerreu  d.  StUcbier  und  Holocephalcn,"  Festscb. 
f.  Carl  Gegenbfiur,  p.  681,  1897. 

'  Zool.  Anzeig.,  xii.  p.  337-339. 

*  He  says :— Itb  bin  gerieigt,  den  M.  obliquiw  superior  Ton  eineni  (dten  MosW 
abzuleiteli,  lii^r  nrapriliiglicb  mit  dem  ihm  beDscbbarCen  Mnakel  der  GegeDwKt 
filr  dieBaweguDgdes  Parietalauges  (dessen  laager  Nerv  die  Trdhere  Bewi-gltclikfit 
nocbjetzCaiideutet}  bestiiuintwarutid  rait  der  sekundiiren  RUckbitdung  ilessclbfn 
und  der  lioharan  Auabildiing  der  paarigen  Augen  neue  aberrative  MuakolelenieiiH 
(beigleichzeitigeasaccesait'enSehivuadderaltci^em  parietalen  AugeniDgebongcn) 
hervorgeben  liess,  iveloliB  unter  Kreuiung  und  doraaler  aiitimerer  UeborwuiderBBg 
sich  ganz  in  den  Dienst  cler  bleibenden  Augen  der  Gegenseite  stelltco,  eeinit  eiiie 
Mnskelwandernng  zu  stntuirvii,  wtlche  uochjetztansderalaperipber  zcbeartbcil* 
endeo  Kreuzung  der  beiden  Nu.  troclileares  abgeleseu  nerdeii  kanu,  aach  taxi* 
auffallend  syUte  ontogenetiscbo  Auabildung  dea  it.  obliquus  superior  und  ?>. 
trocblearis,  desaen  priniitivea  Vorlialtcu  {Deiten,  Golgi)  nnd  die  grosien  SchwieT' 
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Filrbrlnger  points  out  that  the  crossing  of  the  trochlearis  is 
not  a  crossing  of  fibres  between  two  centres  in  the  central 
nervous  system,  but  may  be  explained  by  the  shifting  of  the 
peripheral  organ,  i.e.  the  muscle,  from  one  side  to  the  other,  and 
that  the  nerve  has  followed  this  shift;  consequently,  says  Fiir- 
bringer,  the  course  of  the  nerve  indicates  the  original  position 
of  the  muscle,  and  therefore  he  imagines  that  the  ancestor  of 
the  superior  oblique  muscle  was  a  muscle  the  fibres  of  which 
were  attached  in  the  mid-dorsal  line,  and  interlaced  with  those 
of  the  other  side,  the  two  muscles  thus  forming  an  arch  through 
which  the  nervous  system  with  its  central  canal  passed ;  then, 
for  the  sake  of  getting  a  more  efiicient  pull,  the  crossing  muscle 
fibres  became  more  definitely  attached  to  the  opposite  side  of 
the  middle  line,  and  finally  obtained  new  attachment  on  the 
opposite  side,  with  the  obliteration  of  the  muscular  arch ;  the 
nerve  on  each  side,  following  the  shifts  of  the  muscle,  naturally 
took  up  the  position  of  the  original  muscular  arch,  and  so  formed 
the  trochlear  nerve,  with  its  dorsal  crossing.  This  explanation  of 
Filrbringer's  was  associated  by  bim  with  movements  of  the 
median  pineal  eyes,  the  length  of  their  nerve  even  yet  indicating 
their  previous  mobility.  This  assumption  is  not  to  my  mind 
necessary.  The  length  of  the  nerve  is  certainly  no  indication  of 
mobility,  for  in  limulus  and  the  scorpion  group  the  nerve  to 
each  median  eye  is  remarkably  long,  yet  they  are  immovably 
fixed  in  the  carapace.  All  that  is  required  is  a  pair  of  dorso- 
ventral  muscles  belonging  to  the  segment  immediately  following 
the  group  of  segments  represented  by  the  oculomotor  nerves, 
the  fibres  of  which  should  cross  the  raid-dorsal  line  at  their 
attachment ;  for,  seeing  that  the  lateral  eyes  were  originally  so 
near  this  position,  it  follows  that  such  muscles  might  form 
part  of  the  muscular  group  belonging  to  the  lateral  eye  without 
having  previously  moved  the  pineal  eyes.  In  fact,  Fiirbringer's 
explanation  requires  as  starting-point  that  the  pair  of  muscles 
which  ultimately  become  the  sup.-oblique  should  have  the  exact 

igkeiten,  mit  deneii  gerade  hier  die  embryologische  Untersuchiing  zu  kampren 
hat,  eiae  gewisse  Illustration  abgiebt.  Selbstverstandlich  will  dieser  Versuch 
der  Erklarung  nur  eine  Idee,  ein  Programm  fiir  kiinftige  UntersuchuDgeu  sein  ; 
doch  glaube  ich,  dass  diese  mit  der  Thatsache  der  peripherischen  Ueberkreuzung 
der  beiden  Nn.  trochleares  und  der  Aiisbildung  der  M.  obliqui  superiores  a  us 
dem  somitischen  Material  der  Gezenseite  zu  rechnen  haben  werden." 
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position  of  the  pair  of  dorso-ventral  muscles  in  the  scorpion 
called  by  Miss  Beck  the  anterior  dorso-plastron  muscles  (63) 
which  I  have  named  the  oblique  muscles.  Here,  and  here  only, 
do  we  find  an  interlacement  across  the  mid-dorsal  line  of  the  fibres 
of  attachment  of  the  muscles  on  the  two  sides,  in  consequence 
of  which  this  pair  of  muscles  ia  described  by  her  as  forming  an 
arch  encircling  the  alimentary  canal  and  dorsal  vessel ;  if  then, 
as  I  have  previously  argued,  the  primitive  plastron  formed  a 
pair  of  trabecular,  and  the  nervous  system  grew  round  the 
alimentary  canal,  such  an  arch  would  encircle  the  tubular 
central  nervous  system  of  the  vertebrate. 

Still  more  striking  is  this  pair  of  muscles  in  Phrynus  (63)  in 
tig.  5,  where  we  see  how  the  arch  formed  by  them  almost 
touches  the  posterior  extremity  of  the  supra-cesophageal  brain 
mass,  crossing  therefore  over  the  beginning  of  the  stomach 
region  of  the  animal ;  the  angle  formed  by  the  arch  is  much 
more  obtuse  than  that  formed  in  the  scorpion,  so  that  an  actual 
crossing  of  the  muscle  fibres  has  taken  place  at  the  place  of 
attachment  to  the  carapace.  Also,  only  the  part  nearest  the  cara- 
pace is  muscular,  the  rest  forming  a  long  tendinous  prolongation 
of  the  plastron  wall  (the  primordial  cranium),  as  seen  in  fig.  5. 

This  muscle  pair  is,  as  it  should  be,  the  pair  of  dorso-ventral 
muscles  belonging  to  the  segment  immediately  following  on  the 
group  of  segments  represented  by  the  recti  muscles,  t.e.,  accord- 
ing to  previous  argument,  the  segment  belonging  to  the  sixth 
pair  of  locomotor  appendages  or  ectognaths ;  a  muscle,  therefore, 
which  would  arise  in  the  vertebrate  from  the  mandibular,  and 
not  from  the  premandibular  cavity.  A  similar  muscle  probablj 
existed  in  Eurypterus,  and,  as  in  the  case  of  the  formation  of  the 
oculomotor  group,  derived  from  the  recti  group  of  the  scorpion, 
would  form  the  commencement  of  the  superior  oblique  muscle 
in  Thyestes  and  Tremataspis. 

It  is  instructive  to  notice  that  the  original  position  of  attach- 
ment of  this  muscle  is  naturally  posterior  to  that  of  the  ocular 
group  of  muscles,  and  that  Fiirbringer,^  in  his  description  of 
the  eye-muscles  of  Petromyzon,  asserts  that  this  muscle  in  this 
primitive  vertebrate  form  is  not  attached  as  in  other  vertebrates, 
but  is  posterior  to  the  other  muscles,  so  that  he  calls  it  the 

^  Op.  cit,y  p.  705, 
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poBterior  rather  than  the  superior  oblique.  The  nature  of  the 
change  by  which  the  muscle  known  in  the  scorpion  as  the  ante- 
rior dorso-plastron  muscle  (63)  was  probably  converted  into  the 
superior  oblique  muscle  of  the  vertebrate,  is  represented  in  the 
.drawings  fig.  11,  in  which  also  are  indicated  the  dwindling  of 
the  median  eyes,  and  the  progressive  superiority  of  the  lateral 
eyes,  as  well  as  the  transformation  of  the  recti  muscle  group 
of  the  scorpion  into  the  muscles  supplied  by  the  oculomotor 
nerve  of  the  vertebrate. 

With  respect  to  the  external  rectus  muscle,  it  follows  natur- 
ally that  if  the  muscles  (64)  and  (65)  are  to  follow  suit  with 
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Fio.  11. — A,  Diagram  of  poeition  of  oblique  muscle  in  scorpion. 

B,  Diagram  of  transition  stage. 

C,  Diagram  of  8U{>erior  oblique  muscle  in  vertebrate,     le,  lateral  eyes .; 

ce,  central  eyes ;  CN,  central  nervous  system  ;  A1,  alimentary 
canal ;  c,  aqneductus  Sylvii. 

the  r90t  of  the  group,  and.  become  attached  to  the  lateral  eyes, 
th^y  must  take  up  an  external  position;  these  two  muscles, 
which  always  run  together  as  seen  in  fig.  8a,  the  one  belonging 
to  the  prosoma,  and  the  other  to  the  mesosonia,  are  represented 
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by  the  mandibular  muscle  of  Miss  Piatt  and  the  external  rectus, 
the  former  derived  from  the  walls  of  the  last  pro-otic  head 
cavity,  the  latter  from  the  foremost  of  the  opisthotic  head 
cavities. 

Such,  then,  is  the  simple  explanation  of  the  origin  of  the  eye- 
muscles  which  follows  from  my  theory,  and  we  see  that  the 
successive  alterations  of  the  position  of  the  orbit,  and  therefore 
of  the  globe  of  the  eye  with  its  muscles,  as  we  pass  from 
Thyestes  to  man,  is  the  natural  consequence  of  the  growth  of  the 
frontal  bone,  i.e.,  of  the  brain. 

Summary  of  Part  V. 

I  would,  then,  interpret  the  combined  evidence  of  the  anatomy, 
development,  and  physiology  of  the  trigeminal  nerve  group  as 
follows : — 

The  trigeminal  nerves,  as  far  as  their  splanchnic  part  is  con- 
cerned, originally  supplied  seven  separate  appendages,  of  which 
the  first  pair  were  of  the  nature  of  antennae,  and  the  last  pair 
formed  the  lower  lip  or  metastoma ;  the  remaining  five  append- 
ages were  originally  locomotor,  tactile,  and  masticatory.  Of 
these  appendages,  the  muscles  belonging  to  the  foremost  have 
dwindled  away,  those  of  the  last  two  only  remaining  strong,  and 
developing  to  form  the  masticatory  group  of  muscles  innervated 
from  the  well-marked  motor  centre,  the  nucleus  'inadicaioriu&. 
The  oculomotor  nerves  originally  supplied  the  dorso-ventral 
segmental  somatic  muscles  belonging  to  the  2nd,  3rd,  4th,  5th 
prosomatic  segments,  i,e.,  to  the  endognathal  segments,  while 
the  trochlear  nerves  supplied  the  corresponding  somatic  muscles 
of  the  segment  belonging  to  the  sixth  pair  of  locomotor  append- 
ages, i.e.,  the  ectognathal  segment.  The  abducens  nerves  belonged 
originally  to  the  mesosoma,  and  supplied  the  foremost  dorso- 
ventral  mesosomatic  muscles ;  these  muscles,  however,  took  up 
a  prosomatic  position,  and  were  retained  for  the  service  of  the 
lateral  eyes. 

The  actual  evidence  afiforded  by  Ammocoetes  of  the  presence 
of  these  appendages  will  be  considered  in  Part  VI  I.  after  I 
have  given  the  evidence  as  to  the  nature  of  the  old  mouth  and 
olfactory  organ. 
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Such,  then,  appears  to  me  to  be  the  interpretation  of  the 
embrjologieal  evidence  of  segments  in  the  vertebrate  head,  as 
deduced  from  the  mesoderm  segmentation ;  and  I  cannot  see  how 
it  is  possible  for  ontogeny  to  give  us  a  clearer  instance  of  the 
past  history  of  organs  than  is  done  in  this  case.  She  marks 
out  in  the  vertebrate  each  mesosomatic  branchial  segment,  with 
its  well-defined  coelomic  cavity,  just  as  though  it  were  a  Limulus 
we  were  watching;  she  difterentiates  between  the  mesoso- 
matic branchial  and  prosomatic  non-branchial  segments;  and 
where,  as  in  the  premandibular  region,  the  appendages  have 
become  small  and  obscure,  there  the  indications  of  separate 
segments  are  also  obscure  ;  where,  as  in  the  mandibular  region, 
they  have  kept  large,  or  even  grown  and  developed  in  the 
vertebrate  group,  there  the  segmental  muscles  are  well  developed, 
both  in  the  ventral  group  as  well  as  in  the  dorsal. 

It  is  because  of  the  dwindling  of  the  ventral  appendages  in 
the  foremost  region  that  Neal  can  say  that  the  mesomeres  in 
the  head  afford  the  most  trustworthy  criterion  of  metamerism. 
The  dorsal  segments  (neuromeres  and  mesomeres)  must  be 
regarded  as  more  conservative  than  the  ventral  (branchiomeric 
or  splanchnic)  segmentation ;  the  lost  elements  are  chiefly  the 
central  ones.^ 

It  is  because  of  the  loss  of  the  segmental  somatic  muscles  in 
the  hindmost  region,  and  the  permanence  of  the  appendages 
here,  that  Gegenbaur  concludes  that  the  visceral  arches  are  the 
essential  criteria  of  cephalic  metameres. 

For  this  reason,  there  is  the  apparent  discrepancy  between 
Branchiomerie  and  Mesomerie,  a  discrepancy  which  did  not 
originally  exist,  the  reason  for  which  can  be  sunmied  up  in 
the  short  sentence — this  discrepancy  is  due,  on  the  one  hand, 
to  the  dwindling  and  ultimate  disappearance  of  the  foremost 
locomotor  appendages,  and  on  the  other,  to  the  disappearance 
of  the  ventro-dorsal  somatic  segmental  muscles,  except  those 
which  have  been  preserved  in  order  to  move  the  eyes. 

*  Neal,  op,  eit.t  P-  270. 
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Part  VI. — The  Old  Mouth  and  the  Olfactory  Organ  : 
The  Meaning  of  the  First  Nerve. 

I  will  commence  this  part,  as  in  Part  V.,  by  considering  the 
nature  of  the  problem  presented  by  the  Merostomata;  that 
is  to  say,  the  nature  of  the  mouth  and  the  parts  surrounding 
it  in  the  group  from  which  I  suppose,  an  Ammocoetes-like 
form  to  have  sprung.  I  will  therefore  consider,  in  the  first 
place,  the  nature  of  the  mouth  in  the  living  scorpions  and  their 
allies.  The  best  paper  by  far  with  which  I  am  acquainted  on 
this  subject  is  a  paper  by  Croneberg,^  published  in  1880,  in 
which  he  considers  the  views  of  previous  observers,  and  shows 
how  his  conclusions  are  borne  out  by  the  study  of  the  mouth 
parts  in  the  Scorpions,  in  the  Solpugidse,  in  the  Mygalidae,  in  the 
Phalangidse,  in  the  Ghelifers. 

T^«  Nature  of  the  Camerostome. 

The  main  question  in  dispute  is  the  nature  of  the  80-<2alled 
upper  lip  or  camerostome,  called  also  in  many  cases  the  roBtrum. 
This  organ,  according  to  Croneberg,  is  in  reality  a  paired  append^ 
age,  preoral  in  position,  which  represents  the  first  pair  of  antenna 
in  the  Crustacea ;  it  is  conspicuously  a  paired  antennae-like 
oi^an  in  Galeodes,  and  he  considers  that  the  paired  apodemes 
which  pass  from  it  into  the  interior  of  the  thorax,  called  by 
Lankester  the  median  preoral  entosclerite,  correspond  to  the 
apodemes,  i.e.,  entosclerites  of  the  rest  of  the  thoracic  append- 
ages ;  he  also  shows  that  embryologically  this  rostrum  or  camero- 
stome arises  as  a  pair  of  appendages  similar  to  the  other 
appendages.  This  last  observation  of  Croneberg  has  been  con- 
firmed by  Brauer  ^  in  1894,  who  describes  the  origin  of  the 
upper  lip,  as  he  calls  it,  in  very  similar  terms,  without,  however^ 
referring  to  Croneberg's  paper.  Croneberg  further  shows  that 
this  foremost  pair  of  antennse  not  only  forms  the  so-called  upper 
lip  or  camerostome,  but  also  a  lower  lip,  for  from  the  basal  part 

*  "  Uebcrdie  Mandtheile  der  Arachiiiden,"  by  A.  Croneberg,  Archiv,/,  Naiitr- 
geschiehie,  Jahrganfr  46,  1880,  p.  285. 
^Op.  cit.,i>.  860. 
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of  the  ctuaeroBtome  there  projects  on  each  aide  of  the  pharynx  a 
dependent  scceBSoiy  portion,  which  in  some  coses  fuses  in  the 
middle  line  and  forms,  as  it  were,  a  lower  lip.  The  entosclerite 
belonging  to  this  dependent  portion  is  apporentl;  the  postoral 
entosclerite  of  Lankester  and  Mies  Beck. 

At  the  base  of  the  tubular  passage  so  formed  hy  this  modified 
first  pair  of  antenuie  is  found  the  true'  mouth,  opening  directly 
into  the  dilated  pharynx,  the  muscles  of  which  enahle  the  act  of 


Fio.  12. — Donal  viow  of  brain  and  ctmerostome  of  GaUodes.  cam.,  t»meio- 
stome  ;  pr.  eat.,  preoral  entosclorila  ;  ^.J.,  dependent  portion  of  camero- 
Btoole  ;  ;)A,,  phsrynx  ;  al,,  alimentary  godbI  ;  n.a}i.,  median  optic  nerves  ; 
ft.,  plutTon  ;  v.e.,  ventral  nerre  chain  ;  2,  S,  second  and  third  appendages. 

saction  to  be  carried  out ;  from  the  pharynx  there  passes  the 
narrow  oesoph^us,  completely  closed  in  by  the  supra-  and  infra- 
cesophageal  nerve  masses. 

Huxley '  also  describes  the  mouth  of  the  scorpion  in  precisely 
the  same  position. 

In  order  to  convey  to  my  readers  the  antennse-Iike  character 

of  the  camerostome  in  Galeodes,  and  its  position,  I  give  a  figure 

'  Op.  cit. 
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(fig.  12)  of  the  organ  trom  ita  dorsal  aspect,  after  removal  of  the 
chelicerEe  and  their  muscles.  The  figure  shows  also  its  position 
with  respect  to  tlie  supra-tESophageal  ganglion  {gl.  sitpr.-as.) 
and  the  infra-cesoph^eal  ganglionic  mass  (gl.  mfr.-ms.)  A  side 
view  of  the  same  organ  is  given  in  fig.  13  to  show  the  feathered 
termination  of  the  camerostome,  and  the  position  of  the  de- 
pendent accessory  portion   (1,1.)  (Groneherg's  untere  Anhang) 


Fm.  13. — Lateral  view  of  brain  and  eamcroitome  of  Gateodei.  gl.tupr.at., 
aupra-<£sophageal  ganglion;  gl.in/r.ai.,  iTitrt.-aaophiigetl  gauglioD.  The 
rest  of  the  lettering  some  u  in  fig.  12. 

with  its  single  long  anlenna-like  feather.  In  both  figures  the 
alimentary  canal  (al.)  is  seen  issuing  forth  from  the  conjoined 
supra-  and  infra-<Bsophageal  mass. 

As  is  seen  in  the  figure,  the  bilateral  character  of  the  roBtram, 
as  Croneberg  calls  it,  is  apparent  not  only  in  its  feathered  ei- 
iriemity  but  also  in  its  chitinous  coverii^,  the  softer  median 
dorsal  part  being  bounded  by  two  lateral  plates  of  hard  chitin, 
which  meet  in  the  middle  line  near  the  extremity  of  the  organ. 
In  all  the  members  of  the  scorpion  group,  as  is  clearly  diown  in 
Croneberg's  figures,  the  rostrum  or  camerostome  is  built  up  on. 
the  same  plan  as  in  Galeodes,  though  the  aotennee-like  character 
may  not  be  so  evident. 

When  we  consider  that  the  first  pair  of  antenns  in  the  Crnsta- 
ceans  are  olfactory  in  function,  Croneberg's  observations  amoimt 
to  this : — 

In  the  Arachnids  and  their  allies  the  first  pair  of  antennffi 
form  a  preoral  passage  or  tube,  olfactory  in  function ;  the  small 
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mouth,  which  opens  directly  into  the  pharynx,  being  situated  at 
the  end  of  this  olfactory  passage. 

Croneberg's  observations  and  conclusions  are  distinctly  of  very 
great  importance  in  bringing  the  Arachnids  into  line  with  the 
Crustaceans,  and  it  is  therefore  most  surprising  that  they  are 
absolutely  ignored  by  Lankester  and  Miss  Beck  in  their  paper 
published  in  1883,  in  which  Latreille  only  is  mentioned  with 
respect  to  this  organ,  and  his  term  camerostome,  or  upper  lip,  is 
used  throughout,  in  accordance  with  the  terminology  in  Lan- 
kester s  previous  paper.^  That  this  organ  is  not  only  a  moveable 
lip  or  tongue,  but  essentially  a  sense  organ,  almost  certainly  of 
smell  and  taste,  as  follows  from  Croneberg*8  conclusions,  is  shown 
by  the  series  of  sections  which  I  have  made  through  a  number 
of  young  Thelyphonus  which  were  found  on  their  mother's  back 
in  a  termite's  nest  by  Mr  Haviland,  whom  I  here  take  the  oppor- 
tunity of  thanking  for  his  kindness  in  presenting  me  with  the 
mother  and  young  ones. 

I  give  in  fig.  14  a  sagittal  median  section  through  the  heati 
end  of  the  animal,  which  shows  clearly  the  nature  of  Croneberg's 
•conception.  At  the  front  end  of  the  body  is  seen  the  median 
eye  (ce.),  o  is  the  mouth,  ph,  the  pharynx,  ces.  the  narrow  oesopha- 
gus, compressed  between  the  supra-oesophageal  {mpi\'(B8.)  and 
infra-oesophageal  (in/r.-ces,)  brain  mass,  which  opens  into  the 
large  alimentary  canal  (AL) ;  o//.  pass,  is  the  olfactory  passage 
to  the  mouth,  lined  with  thick-set,  very  fine  hairs,  which  spring 
from  the  hypostome  {hyp,\  as  well  as  from  the  large  conspicuous 
(cam.)  camerostome,  which  limits  this  tube  anteriorly.  The 
space  between  the  camerostome  and  the  median  eye  is  filled  up 
by  the  massive  cheliceree,  which  are  not  shown  in  this  section,  as 
they  begin  to  appear  in  the  sections  on  each  side  of  the  median 
one.  The  muscles  of  the  pharynx  and  the  muscles  of  the 
oamerostome  are  attached  to  the  preoral  entosclerite  (pr.  ent,). 
The  postoral  entosclerite  is  shown  in  section  as  post,  ent.  The 
-dorsal  blood-vessel  or  heart  is  indicated  at  J7. 

In  fig.  15  I  give  a  transverse  section  through  another  of  the 
same  litter,  to  show  the  nature  of  this  olfactory  tube  when  cut 
across.  Both  sections  show  most  clearly  that  we  are  dealing 
here  with  an  elaborate  sense  organ  the  surface  of  which  is 

^  *'Lmialu8  an  Arachnid,"  Q.  J,  of  Micro,  Sci,,  vol.  xxi.,  1881,  p.  529.       J 
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partly  covered  with  very  fine  long  bain,  partly,  as  ia  seen  in 
the  figure,  is  composed  of  long,  separate,  closely-set  sense  rods 
{hat.},  well  protected  by  the  long  hairs  which  project  on  every 
side  in  front  of  them,  which  recall  to  mind  Bellouci's  ^nre'  of 
the  htUoneis  ol/adivee  on  the  sntennse  of  Spbeeroma.  Finally, 
we  have  the  observation  of  Slanchard  quoted  by  Haxley,*to 
the  effect  that  this  camerostome  is  innervated  by  nerves  from 
pT  eni  ^^ 


FiQ.  H. — Hediaa  sagittal  Miition  through  a  yoang  Thelfphonos. 

the  supra-cesophageal  gai^lia  which  are  clearly  bilateral,  seeing 
that  they  arise  from  the  ganglion  on  each  side  and  then  nnite 
to  pass  into  the  cameroetome ;  in  other  words,  paired  olfactory 
nerves  from  the  supra-oeBophageal  ganglia. 

This  olfactory  tubular  passage  so  formed  is  bounded  laterally 
and  posteriorly  by  the  sterno-coxal  processes  of  the  Sod  or  more 
prosomatic  appendages,  and  by  the  pro-sternite  when  present; 
anteriorly  by  the  two  chelicerie  with  their  strong  gripping 
forceps;  so  that,  if  we  look  into  the  ao-called  mouth  of  the 
scorpion,  we  see  the  camerostome  projecting  from  the  roof  of 
the  tube  and  nearly  dividing  the  tube  into  two  parts.  These 
sterno-coxal  processes  were  in  limulus  and  the  Eurypterids 
markedly  masticatory  in  function,  forming  the  foot-jawa  lu 
ButhuB  and  the  scorpions  the  sterno-coxal  processes  of  the  2Dd, 

'  "Syfltem  nerveux  et  organos  ile»  Bern  da  Spkaroma  serratitm,"  Arch.  Rot. 
deSiol.,  vol.  i.  p.  178. 
'  Op.  eU.,  p.  251. 
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3rd,  and  4th  proeomatic  appendages  take  part  in  surrounding 
the  olfactory  tubular  pass^e;  in  Thelyphonus  only  the  pro- 
cesses of  the  2ad  pair  of  prosomatic  appendages,  the  pro-sternite 


FlO.  IG. — TnniTene  Boction  throagh  tbe  olfactory  passage  of  a  jonng  Thely- 
phoQiu.     1  and  2,  Bectioos  of  Brnt  and  Becoad  appendages. 

not  beii^  present.    In  Limulus  a  conjoined  pro-mesostemite 
(Gg.  1,  end)  forms  the  median  ventral  wall,  to  which  the  sterno- 


Fio.  IS. — TraOBVerae  section  through  the  olractorj  paasage  of  Ammoccetes. 
cart,,  nasal  cartilage, 

coxal  processes  are  attached,  and  in  Phrynus  (fig.  24)  and 
Mygale    a    well-marked    pro-sternite    and    meso-atemite   are 
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present,  forming  the  posterior  limit  of  the  olfactory  opening. 
In  the  former  these  stemites,  curiously  enough,  carry  short 
antenna-like  projections,  as  in  fig.  24a. 

That  the  mouth  parts  of  Eurypterus  were  partly  like  those 
of  the  scorpion  and  partly  like  those  of  Limulus,  appears  to  mo 
certain  from  the  observations  of  Holm ;  the  difference  of  these 
sea  scorpions  from  the  living  scorpions  being  due  essentially  to 
the  development  of  the  metastoma.     All  observers  are  agreed 
that  this  lip  plate  was  freely  movable.     Nieskowski"^  considered 
that  the  movement  of  the  metastoma  was  entirely  in  a  vertical 
direction,  whereby  the  cleft  which  is  seen  between  the  basal 
joints  of  all  the  pairs  of  locomotor  appendages  could  be  closed 
from  behind.      Woodward*  says  it  no  doubt  represents  the 
labium  and  served  more  effectually  to  enclose  the  posterior  part 
of  the  buccal  orifice,  being  found  exterior  to  the  toothed  edges 
of    the    ectognaths    or    maxillipedes.      Schmidt    agrees    with 
Nieskowski,  and  looks  on  the  metastoma  as  forming  a  lower  lip 
within  which  the  bases  of  the  ectognaths  worked. 
*  Quite  recently  Gerhard  Holm^  has  worked  over  again  the 
very  numerous  specimens  of  Eurypterus  Mscfieri  which  are 
obtainable   at  Bootzikiill,  and  has  thrown  new  light  on  the 
relation  of  the  metastoma  to  the  mouth  parts.    His  preparations 
show  clearly  that  the  true  lower  lip  of  Eurypterus  was  not  the 
metastoma,  for  when  the  metastoma  is  removed  another  plate 
situated  internally  to  it  is  disclosed,  which,  in  his  view,  corre- 
sponds to  the  sternite  between  the  bases  of  the  pro-somatic 
appendages  in  Limulus,  i,e.,  to  the  sternite  called  by  Laukester 
the    pro-mesosternite.      This    inner    plate    formed    with    the 
metastoma  and   the  ectognaths  a  chamber  closed   posteriorly 
within  which  the  bases  of  the  ectognaths  worked.     In  other 
words,  the  removal  of  the  metastoma  discloses  in  Eurypterus 
the  true  anterior  ventral  surface  of  the  animal  resembling  that 
of  Limulus  or  of  the  scorpion  group,  with  its  pro-mesosternite 
and  laterally  attached  gnathites  or  sterno-coxal  processes.    To 


^  "Der  Euryptenis  Remipes  aus  den  obersilnrischeu  Schichten  der  Insel 
Oesel,"  Arch.  f.  d.  Katurkunde  Liv-,  Ehst-  und  Kurlands,  Bd.  3,  1*^  ser.,  1858, 
p.  317. 

2  **  British  Fossil  Merostomata,"  Palceontological  Society,  1866-1878,  p.  39. 

^  Op.  cit. 
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tibis  inner  plate  or  pro-mdBostemite  Holm  gives  the  name  of 
endostama. 

To  the  anterior  edge  of  the  endostoma  a  thinner  membrane  is 
attached  which  passes  inwards  in  the  direction  of  the  throat, 
and  forms,  therefore,  the  lower  lip  of  the  passage  of  the  mouth. 
This  membrane  bears  upon  its  surface  a  tuft  of  hairs,  which  he 
thought  were  probably  olfactory  in  function.  Consequently,  in 
his  preliminary  communication,^  he  describes  this  lower  lip  as 
forming  in  all  probability  an  olfactory  organ ;  in  his  full  com- 
munication he  repudiates  this  si^gestion,  because  he  thinks  it 
unlikely  that  such  an  organ  would  be  situated  within  the  mouth. 
I  feel  sure  that  if  Holm  had  read  Croneberg's  paper  and  seen 
how  the  true  mouth  in  all  the  scorpion  group  is  situated  at  the 
base  of  an  olfactory  passage,  he  would  have  recognised  that  his 
first  suggestion  is  in  striking  accordance  with  the  nature  of  the 
entrance  to  the  mouth  in  other  scorpions. 

That  Eurypterus  also  possessed  a  camerostome  seems  to 
follow  of  necessity  from  its  evident  affinities  both  with  Limulus 
and  the  scorpions. 

We  see,  in  fact,  that  the  mouth  of  these  old  sea  scorpions  was 
formed  after  the  fashion  of  Limulus,  surrounded  by  masticatory 
organs  in  the  shape  of  foot- jaws,  and  yet  foreshadowed  that  of 
the  scorpion. 

If  only  the  present-day  scorpions  possessed  a  metastoma,  we 
should  be  able  to  compare  their  mouth  parts  very  closely  with 
those  of  Eurypterus.  Unfortunately,  there  does  not  seem  to  be 
much  chance  of  finding  a  metastoma  among  living  scorpions. 
As  far  as  I  know,  the  only  evidence  of  anything  at  all  approach- 
ing to  a  metastoma  is  given  by  Bruce  ^  in  a  short  account 
of  a  Phryuus  from  the  Bahama  Islands,  brought  by  Dr  Orr. 
He  says: — "The  ventral  surface  of  the  thorax  of  the  adult 
closely  resembles  that  of  Limulus,  especially  in  the  existence 
of  a  curved  process  on  the  inner  side  of  the  coxal  joint  of 
the  last  thoracic  appendage,  corresponding  to  a  similar  process 
on  the  coxal  joint  of  the  last  appendage  of  Limulua  Traces  of 
similar  processes  occur  on  the  4th  and  5th  thoracic  appendages. 

^  **Ueber  eine  neue  Bearbeitung  des  Eurypterus  Fischeri"  Bull,  d.  VAcad. 
Imp.  rf.  Sci.  d.  Si  PeUrsburgh,  1896,  t.  iv.  p.  369. 
*  A.  J.  Bruce,  Johns  Hopkins  University  Circular,  Dec.  1886,  p.  47. 
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Also  a  paired  structure  ocours  posterior  to  the  last  pair  of 
thoracic  appendages,  corresponding  to  the  chilaria  or  metastoma 
of  limulus." 

I  have  been  unable  to  find  any  further  information  about  this 
particular  species  of  Phrynus  or  to  obtain  any  specimens.  I 
should  be  very  grateful  to  any  one  who  could  give  me  informa- 
tion on  the  subject,  or  obtain  for  me  specimens  similar  to  those 
thus  briefly  described  by  Bruce. 

The  best  method  of  obtaining  a  clear  conception  of  the 
arrangement  of  the  mouth  parts  in  the  Eurypterids  is  by  means 
of  an  ideal  sagittal  section  thr&ugh  the  animal.  In  order  to 
obtain  this,  I  propose  to  combine  the  information  obtained  hj 
Holm  with  actual  sagittal  sections  through  Limulus  and  the 
scorpion  group.  In  fig.  17a  I  give  a  sagittal  section  through 
Limulus  to  show  the  arrangement  of  parts  and  the  small  pair 
of  chilaria  which  by  its  fusion  and  forward  growth  form  the 
metastoma.  In  this  figure  I  have  indicated  the  position  of  the 
prosomatic  appendages  and  then*  nerve  supply,  also  the  coxal 
gland,  which  sends  prolongations  into  the  coxae  of  the  2nd,  3rd, 
4th,  and  5th  appendages. 

By  the  combination  of  this  figure  with  that  of  Thelyphonus 
(fig.  14),  already  mentioned,  we  obtain  fig.  17b,  which  represents 
an  ideal  .section  through  a  Eurypterid,  in  which  I  have  drawn 
an  olfactory  passage  and  represented  a  commencing  suctorial 
mouth  with  a  pharynx  after  the  scorpion  fashion,  and  have 
indicated  the  position  of  the  endognaths,  ectognath,  and  chilaria 
in  the  same  manner  as  in  fig.  17a.  In  this  case  I  have  concen- 
trated the  coxal  gland  near  the  pharynx,  because  the  endognaths, 
with  which  alone,  judging  from  Limulus,  the  coxal  gland  has 
connection,  are  bunched  close  together  around  the  olfactory 
orifice,  and  have,  therefore,  a  concentrated  anterior  position. 
For  the  same  reason  I  have  drawn  the  appendage  nerves  of  the 
endognaths  close  together,  forming  practically  one  nerve  bundle, 
while  the  nerve  to  the  large  ectognath  and  metastoma  remain 
separate  as  in  Limulus. 

The  different  parts  represented  in  this  section  are : — 

Cam,=  rostrum  or  camerostome  =  fused  olfactory  antennae. 

ffyp.=  lower  lip  of  olfactory  tube  or  hypostoma^  =  lower  pen- 

^  In  Part  II.  of  this  serieB  of  papers  (this  Jaum,,  vol.  xzxii.  p.  561)  I  have 
used  the  term  hypostoma  to  indicate  what  is  here  called  the  endostoma. 
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dent  part  of  the  fused  olfactory  antennse  (Croneberg's 
untere  Anhang). 

End.  ==  inner  lip  of  the  metastomal  or  aocessory  oral  {or.) 
chamber  or  endoBtoma^thepro-mesosternite  of  limulus, 
together  with  the  sterno-coxal  processes  of  the  endognaths 
(2,  3,  4,  5). 

7  =  outer  lip  of  the  metastomal  accessory  oral  {or.)  chamber* 
or  metastoma  =  the  last  pair  of  prosomatic  appendages,  to 
which  the  basal  joint  of  each  ectognath  (6)  was  attached. 

Olf.  pass.  s=  olfactory  pit  or  tubular  olfactory  passage  to  the 
mouth  (o.),  which  opens  into  the  pharyngeal  chamber 
{ph.\  from  which  arises  the  narrow  oesophagus  {oss.) 
leading  into  the  large  alimentary  canal  {AL). 

Cox.  gl.=i  coxal  gland. 

C.  e.  =s  the  median  eyes. 

Op.  =  the  optic  part  of  the  supra-OBSophageal  ganglion. 

01.  =  the  olfactory  part  of  the  supra-oesophageal  ganglion. 

Gl.  infr.-oss.  =  the  infra-oesophageal  ganglion,  upon  which  are 
indicated  the  prosomatic  ganglia  giving  origin  |to  the 
nerves  of  the  prosomatic  appendages  (2,  3,  4,  5,  6,  7),  and 
the  first  mesosomatic  ganglion,  giving  origin  to  the  opercu* 
lar  nerves.  I  have  not  attempted  to  put  in  the  nerves  to 
the  first  pair  of  appendages  (1)  or  chelicerse. 

8  =  genital  part  of  the  operculum. 
8'= branchial  part  of  the  operculum. 

9  =  second  branchial  segment. 
10  =s  third  branchial  segment. 

I  have  also,  on  the  ground  of  the  similarity  of  the  appearance 
of  Eurypterus  with  living  scorpions,  inserted  the  position  of  the 
m.  oUiquus  (m.  obL). 

Suppose  now,  according  to  my  theory,  that  the  mouth  {o) 
becomes  closed,  nothing  more ;  then  immediately  in  all  its  essen- 
tial parts  the  figure  represents  a  sagittal  section  through  the 
early  condition  of  Ammocoetes,  as  pictured  by  Dohrn  and 
Kuppfer.  In  fig.  17,  C,  I  give  such  a  picture,  in  which  I  have 
inserted  the  nerve  masses  of  the  more  advanced  stage  and 
indicated  the  oris^iu  of  the  cranial  nerves  from  centres  resemblins: 
those  of  higher  vertebrates. 

VOL.  XXXIV.  (N.8.  VOL.  XIV.) — ^JULY  1900p  2  0 
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Fio.  17. — Disgntm  of  MgitUi  median  section  through 
A.  Limulus.  B.  Euryptenii, 

C.  Larval  Ammoci^tes.  D.  Ftili-grown  AmmoctEto*. 
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•    The  comparison  of  the  two  sections  shoWd  with  remarkable 
clearness  the  homologous  parts  in  the  two  animals : — 

1.  The  olfactory  tube  (olf.  pass.)  becomes  in  the  young  Afnmo- 
•coetes  the  tube  of  the  hypophysis  (hy,),  at  the  bottom  of  whicb 
the  palseostoma  is  supposed  by  various  observers  to  be  situated. 

2.  The  pharynx  of  the  scorpion  becomes  the  saccus  vasculosus 
t(sacc,  vase)  of  the  vertebrate ;  and,  owing  to  its  size,  gives  the 
Teason  for  the  folds  of  the  saccus  vasculosus  and  the  so-called 
glandular  appearance. 

3.  The  cBsophagus,  already  compressed  between  the  supra- 
•:and  infia-oesophageal  ganglia,  becomes  the  tube  of  the  infundi- 

bulum  (inf.), 

4.  The  large  stomach  which  is  arched  over  by  the  pair  of 
imuscles  (m.  obL)  becomes  the  ventricles  (c.  c),  constricted  in  a 
similar  position  by  the  fourth  nerve  (IV.). 

5.  The  straight  intestine  becomes  the  spinal  canal. 

6.  The  median  eye,  with  its  nerve  from  the  optic  portion  of 
^the  supra-oesophageal  ganglion,  becomes  the  pineal  eye  (c.  e.), 
^with  its  nerve  from  the  so-called  ganglion  habenulse. 

7.  The  modified  olfactory  antennae,  with  its  nerve  from  the 
•olfactory  part  of  the  supra-oesophageal  ganglion,  becomes  the 
•olfactory  plakode  (o//.),  with  its  nerve  from  the  olfactory  part  of 
'the  brain. 

8.  The  metastomal  or  accessory  oral  chamber,  formed  by  the 
metastoma  and  the  endostoma  or  promesosternite,  becomes  the 
oral  or  so-called  stomodseal  chamber  of  the  Ammocoetes,  formed 
iby  the  lower  and  upper  lips. 

9.  The  endostoma  or  promesosternite,  with  the  stemo-coxal 
-processes  or  gnathites  attached  to  it,  becomes  the  upper  lip 
vwith  the  tentacles  attached  to  it. 

10.  The  metastoma,  or  7th  pair  of  prosomatic  appendages, 
to  which  the  ectognaths  are  attached,  becomes  the  lower  lip  to 
which  the  two  large  median  ventral  tentacles,  the  so-called 
tongue  of  Bathke,  are  attached. 

11.  The  genital  operculum,  with  its  median  genital  process 
■attached  in  its  basal  part  to  the  basal  part  of  the  meta8toma> 
becomes  the  thyroid  segment,  the  basal  part  of  which,  together 
with  the  basal  part  of  the  lower  lip,  forms  the  septum  of  the 
^tomodseum. 
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12.  The  branchial  operculnm  forms  the  branchial  hjoid  seg* 
ment 

13.  The  remaining  branchial  mesosomatic  s^ments  form  the 
remaining  branchial  segments  of  the  Ammocoetea 

14.  The  coxal  gland  becomes  the  pituitary  body. 

15.  The  nerves  to  the  endognaths,  to  the  ectognaths,  and  to 
the  metastoma  become  respectively  the  tentacular  nerves,  the 
tongue  nerve,  and  the  lower  lip  nerve  (see  Part  YII.),  just  as  the 
nerves  to  the  genital  and  branchial  parts  of  the  operculum 
become  respectively  the  thyroid  and  hyoid  nerves. 

In  order  to  make  the  lesson  of  this  series  of  sagittal  sectiona 
complete,  I  will  finish  the  series  with  a  drawing  of  a  mediaik 
sagittal  section  through  the  anterior  region  of  a  full-growu 
Ammoccetes  (fig.  17,  D). 

The  difference  between  this  section  and  fig.  17,  C,  is  due  to- 
the  growth  of  the  upper  lip,  by  which  the  nasal  orifice  and  tube 
are  pushed  dorsally,  as  described  by  Balfour,  and  illustrated  by 
Euppfer. 

Hu  Olfactory  Organ  of  Amnwccetes. 

The  olfactory  organ  of  Ammocoetes  is  in  the  shape  of  a  tube 
lined  with  olfactory  epithelium  enclosed  in  an  outer  casing.  The* 
shape  and  arrangement  of  the  epithelium  lining  this  tube  is^ 
very  significant,  as  throughout  it  consists  of  a  thicker  part  anob 
a  thinner  part,  as  seen  in  fig.  16,  which  represents  a  transverse 
section  through  this  tube.    The  thicker  part  forms  the  trae* 
olfactory  plakode  of  Kuppfer,  and  the  thinner  part  is  formed  by 
the  prolongation  of  the  lower  lip  of  the  tube  of  the  hypophyaiB,. 
as  described  by  Euppfer.     A  horizontal  section   through  the* 
organ  shows  clearly  the  same  separation  into  two  parts  {cf> 
fig.  4,  PL  LVI.).    The  comparison  of  such  sections  with  those  of 
the  olfactory  tube  of  Thelyphonus  (fig.  15)  leads  directly  to  the 
conclusion    that    the    thicker  projecting   part,   the    olfactory 
plakode,  is  the  camerostome  or  conjoined  olfactory  antermfie  of 
the  scorpion  group,  and  the  thinner  part  is  the  lower  lip  of 
the  olfactory  tube  (Croneberg*s  %intere  Anhaiig), 

Further,  just  as   the  termination  of  the  olfactory  tube  in' 
Galeodes  and  others  of  the  scorpion  group  demonstratcB  its* 
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original  paired  antennae-like  character  even  in  the  adult,  so  also 
the  termination  of  the  nasal  tube  in  Ammocoetes  demonstrates 
^Iso  its  original  paired  character. 

In  fig.  3,  PI.  LVI.,  I  give  a  drawing  of  the  dorsal  surface  of 
the  anterior  end  of  the  head  of  a  large  Ammocoetes,  which  shows 
how  within  the  median  nasal  cup  the  olfactory  organ  terminates 
4is  two  leaflets,  between  which  an  open  slit  leads  into  the  nasal 
passage.  Horizontal  sections,  such  as  figs.  18,  A  and  6,  and  fig. 
4,  PI.  LVI.,  demonstrate  how  by  the  coming  together  of  the 
^edges  of  these  two  leaflets  the  thinner  part  of  the  epithelium 
lining  the  nasal  tube  is  formed. 

Fig.  4,  PI.  LVI.,  also  shows  how  this  nasal  tube  {n  a)  is  im- 
bedded in  muco-cartilaginous  tissue  (m,  cart.\  and  is  partially 
surrounded  by  cartilage  {vu.  cart) ;  how  also  the  peculiar  con- 
ucctive  tissue  of  the  cranial  wall  {a*)  abuts  against  this  cartilage 
iposteriorly.  This  cartilaginous  framework  is  confined  to  the 
more  dorsal  part  of  the  tube,  always  following  the  contour  of 
the  thickened  olfactory  epithelium ;  in  other  words,  it  belongs  to 
the  camerostome  proper,  and  not  to  the  lower  dependent  lip. 
It  is  also  soft  cartilage  formed,  therefore,  in  connection  with 
muco-cartilage,  and  not  with  the  tissue  of  the  cranial  walls. 

It  is  clear  that  the  olfactory  organ  of  Ammoccetes  may  be 
regarded  as  a  separate  organ,  lying  close  against  the  median 
anterior  wall  of  the  cranium,  the  external  surface  of  which  has 
either  become  merged  into  the  mass  of  muco-cartilage  which 
exists  here,  or  become  cartilaginous.  If  we  were  to  isolate  this 
organ,  and  represent  the  cartilaginous  part  of  the  framework  by 
;a  hard  covering,  and  the  muco-cartilaginous  part  by  a  softer 
portion,  we  should  obtain  an  appearance  as  in  fig.  19,  which 
represents  a  lateral  view  of  the  brain  and  the  nasal  organ. 
:Such  a  figure  compares  most  closely  with  the  camerostome  and 
•brain  (fig.  13)  of  Galeodes  or  of  the  scorpion  group  if  we 
imagine  such  brain  to  have  grown  larger ;  and  if  we  take  into 
account  the  similarity  of  the  interiial  structure  and  the  fact 
that  the  olfactory  tube  terminates  at  the  infundibulum,  we  must 
•  come  to  t|;ie  conclusion  that  the  median  olfactory  organ  of  the 
Ammoccetes  is  simply  the  camerostome  of  a  scorpion -like 
animal  which  has  become  imbedded  in  muco-cartilage,  bent 
.dorsalwards,  and  closely  pressed  against  the  anterior  wall  of 


528  DR  WALTER   H.   GA8KKLL. 

the  cranium,  oving  to  the  forward  growth  and  expansiun  of  tS» 
pro-meBOBtemite  to  form  the  upper  lip. 

The  single  median  position  of  the  olfactory  organ  in  the 
Cycloatomata,  in  contradistinction  to  its  paired  character  in  the 
rest  of  the  vertebrateB,  has  always  been  a  stumbling-blcck  in  the 


Fig.  18,  A  und  B.  —  HorizonU]  sections  through  the  olfactory  tube  of 
Ammocretes,  neartU  extemol  opeuiog. 

way  of  those  who  desired  to  consider  the  Cycloatomata  aa  de- 
generated Selachians,  for  the  origin  of  the  olfactorj'  protuberance 
as  a  single  median  plakode  seemed  to  indicate  that  the  uose 
arose  as  a  single  organ,  and  not  as  a  paired  organ.  On  (he 
other  hand,  the  two  olfactory  nerves  of  Ammocoetes  compare 
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absolutely  with  the  olfactory  nerves  of  other  vertebrates,  and 
'  force  one  to  the  conclusion  that  this  median  organ  of  Ammo* 
coetes  arose  from  a  pair  of  bilateral  organs  which  have  fused  in 
the  middle  line. 

The  comparison  with  the  camerostome  gives  a  satisfactory 
reason  for  its  appearance  in  the  lowest  vertebrates  as  an  un- 
paired median  organ,  and  equally  so  the  history  of  the  camero- 
stome itself  gives  the  reason  why  the  olfactory  nerves  are  double. 


*na.c8ii 


<?*»»• 


Fig.  19. — Brain  and  olfactory  organ  of  Ammoooetes.  7ia.  carl.,  nasal  cartilage ; 
cer.f  cerebrum;  G.H.R.,  right  ganglion  habenulsd ;  C.H.,  folds  of  choroid 
plexus ;  in/,,  infuudibulum. 

why  the  organ  is  in  reality  a  paired  organ,  and  not  a  single 
median  one ;  so  that  in  a  sense  the  grouping  of  the  fishes  into 
Monorhinae  and  Amphirhinae  has  not  much  meaning,  seeing  that 
the  olfactory  organ  is  in  all  cases  double. 

Yet,  again,  another  peculiarity  receives  the  simplest  of  solu- 
tions, viz.,  the  relation  between  taste  and  smell ;  i.e.,  the  appre- 
ciation of  flavour ;  for  in  our  scorpion-like  ancestors  taste  and 
smell  were  one :  the  same  organ  situated  at  the  entrance  of  the 
mouth,  over  which  all  food  passed,  was  necessarily  an  organ  of 
taste,  and,  as  its  history  shows,  being  derived  from  the  ancient 
olfactoiy  antennae  of  the  great  Arthropod  group  was  also  the 
organ  of  smell,  so  that  the  olfactory  region  of  the  supra- 
oesophageal  ganglion  was  necessarily  the  centre  for  the  apprecia- 
tion of  taste  as  well  as  of  smell.  How  conservative  this 
mechanism  is,  how  exactly  the  olfactive  lobes  of  the  Arthropod 
resemble  those  of  the  Vertebrate,  is  clearly  shown  by  the 
researches  of  Bellonci,^  who  concludes  that  the  structure  and 

^  Bellonci,  '*Snr  la  structure  et  les  rapports  des  lobes  olfactives  dans  les 
Ai'thropodes  superieurs  et  les  Vertebres,"  Arehiv.  Ital,  de  Biol,,  vol.  8,  1888, 
p.  191. 
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relations  of  the  olfaotive  lobes  of  the  more  highly  organiaed 
Arthropods  and  of  the  Vertebrates  present  the  same  funda- 
mental plan.  He  points  out  how  exactly  the  olfactory  glomenifi 
of  the  higher  crustaceans  resemble  those  of  vertebrates,  and 
concludes  that  such  extraordinary  resemblance  occurring  in 
two  types  of  animal  so  aloof  from  one  another  as  a  crusta- 
cean and  an  amphibian — a  resemblance  so  perfect  as  to  appear 
,to  constitute  a  true  morphological  homology — ^is  due  to  a 
physiological  necessity,  that  similarity  of  function  in  the  cen- 
tral nervous  system  carries  with  it  similarity  of  structura 

Clearly  this  remarkable  resemblance  of  the  structure  of  the 
olfactory  lobes  in  the  two  groups  of  animals  does  constitute  a  true 
morphological  homology;  and  I  would  trace  an  unbroken  sequence 
in  the  evolution  of  the  foremost  sense  organs  and  the  first  nerve 
from  the  olfactory  antennules  of  the  crustacean  to  the  camero- 
stome  of  the  scorpion  group;  from  the  camerostome  of  the 
scorpions  to  the  olfactory  organ  of  Ammocoetes;  from  the 
olfactory  organ  of  Ammocoetes  to  the  olfactory  organ  of  man. 

Finally,  this  homology  gives  an  explanation  of  Marshairs 

.  original  view,  that  the  olfactory  organ  arose  as  a  special  sense 

.  organ  belonging  to  the  series  of  branchial  sense  organs,  a  view 

,  which  has  been  urged  by  Beard  and  others  for  both  olfactory 

and  auditory  organs.    This  theory  of  branchial  sense  organs  in 

the  region  in  front  of  the  branchial  region  is  explainable,  as 

already  mentioned,  as  sense  organs   belonging  to  appendages 

which  were  not  branchial,  but  were  serially  homologous  wiUi 

the  branchial  appendages.    The  foremost  of  these  appendages 

were  the  olfactory  antennae,  with  the  olfactory  epithelium  as 

their  organ  of  special  sense.     In  this  sense  Marshall  was  right, 

Beard  is  right,  Dohm  is  right ;  once  substitute  the  word  append- 

.  age  as  the  segmental  unit  instead  of  branchial  pouch,  then  we  see 

how  these  observations  all  fit  together,  all  help  to  build  up  the 

conception  of  the  origin  of  vertebrates  in  accordance  with  die 

lines  laid  down  in  this  series  of  papers. 

The  Old  Mouth,  or  Palceostaina. 

Morphologically  the  tubular  olfactory  passage  of  the  scorpion 
group  is  quite  independent  of  the  mouth,  so  that  if  that  piout^ 
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^ere  cloeed  and  a  new  food  passage  formed,  the  olfactory  tnbe 
would  remain  as  an  independent  tube  or  pit  just  as  is  seen  in 
Amphioxns  and  all  Vertebrates.  The  nearest  approach  to  the 
original  condition  is  seen  in  Ammocoetes,  where  the  olfactory  or 
•nasal  tube  still  leads  directly  to  the  old  mouth  or  palaeostoma. 

This  conclusion  is  not  only  not  at  variance  with  the  opinion 
oi  morphologists,  but  gives  a  straightforward,  simple  explana- 
tion why  the  palaeostoma  was  situated  in  the  very  place  where 
they  are  most  inclined  to  locate  it ;  thus,  if  we  trace  the  history 
of  the  question,  we  see  that  Dohrn's  original  view  of  the  com- 
"parison  of  the  vertebrate  and  the  annelid  led  him  to  the  concep- 
tion that  the  vertebrate  mouth  was  formed  by  the  coalescence 
of  a  pair  of  gill  slits,  and  that  the  original  mouth  was  situated 
somewhere  on  the  dorsal  surface  and  opened  into  the  gut  by 
way  of  the  infundibulum  and  the  tube  of  the  hypophysis.  This 
^Iso  was  Cunningham's  view  as  far  as  the  tube  of  the  hypophysis 
was  concerned.  Beard  in  1888,^  holding  the  view  that  the 
vertebrates  were  derived  from  annelida  which  had  lost  their 
^upra-oesophageal  ganglia,  and  that  therefore  there  was  no 
question  of  an  oesophageal  tube  piercing  the  central  nervous 
system  of  the  vertebrate,  explained  the  close  connection  of  the* 
infundibulum  with  the  hypophysis  by  the  comparison  of  the 
tube  of  the  hypophysis  with  the  annelidan  mouth,  so  that  the 
infundibular  or  so-called  nervous  portion  was  a  special  nervous 
innervation  for  the  original  throat,  just  as  Kleinenberg  had 
shown  to  be  the  case  in  many  annelida.  Beard  therefore  called 
•this  opening  of  the  hypophysial  tube  the  old  mouth  or  palaeo- 
-stoma.  Eecently,  in  1893,  Kupffer  ^  has  also  put  forward  the 
view  that  the  hypophysial  opening  is  the  paleeostoma,  basing 
this  view  .largely  upon  his  observations  on  Ammocoetes  and 
Acipeuser.  The  tube  which  Kupfifer  considers  to  be  the  tube 
of  the  hypophysis  in  Ammocoetes,  lies  at  first  just  behind  the 
median  olfactory  protuberance  or  plakode,  as  shown  in  fig.  17c. 
Subsequently,  by  the  great  enlargement  of  the  upper  lip,  this 
'tube,  as  already  explained,  becomes  the  nasal  tube.  According, 
■then,  to  Kupfifer,  the  nasal  tube  of  the  Ammocoetes  is  derived 

'  Beard,  "The  Old  Mouth  and  the  New,"  Jnat.  AnzeUj.,  1888,  p.  15. 
*•  0.  ▼.  Kupffer,  Stvd  z,  vergleich,  Enttoick,  geschich.  d^  Kop/e6  d,  Krani^n^ 
Seft  1.    IHe  Entwick,  d,  Kopfes  v,  Acipeuser ,  Munchen,  1893. 
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directly  from  the  primitive  moatb  tube.  His  gromnda  for  thi» 
suppositioD  are  based  not  only  on  the  cloise. connection  of  the- 
termination  of  this  tube  with  the  extremity  of  the  hypoblastie 
notochord,  as  pointed  out  by  Dohm,  but  upon  the  contiguity  of 
this  tube  with  the  preoral  elongation  of  the  alimentary  caual ;. 
and,  indeed,  in  Myxine  this  nasal  tube  is  not  closed  but  does 
actually  open  into  the  alimentary  canaL  Such  opening  inta 
the  gut  in  Myxine  is  not  supposed  to  be  a  primitive  condition^ 
but  to  have  arisen  secondarily,  and  has  much  the  same  kind  of 
significance  as  the  opening  of  the  nose  into  the  throat  in  the 
higher  vertebrates.  Kupifer  believes  that  the  walls  of  this* 
tube  form  the  glandular  tissue  of  the  hypophysis  or  the  pituitary 
body,  as,  indeed,  Scott  had  previously  stated  to  be  the  fact  ig 
Petromyzon.  Bela  Haller,  in  a  recent  paper,^  criticises  Eupffer's 
statements,  and  considers  that  the  nasal  tube  and  the  glandular 
hypophysis  are  disconnected  throughout,  the  latter  being  formed 
quite  separately.  Bela  Haller's  view  appears  to  me  the  right 
one;  I  shall  therefore  consider  the  pituitary  body  separately^ 
and  at  this  point  simply  emphasise  the  fact  that  in  this  primi- 
tive vertebrate  a  tube  is  formed  at  the  anterior  ventral  surface 
of  the  body,  which  terminates  in  close  connection  with  the 
extremity  of  the  notochord,  with  the  tongue-like  prolongation 
of  the  gut,  and  with  the  saccus  vasculosus.  At  the  termination 
of  this  tube,  the  paleeostoma  was  situated,  according  to  Beard 
and  Kupffer,  in  precisely  the  very  spot  where  the  palseostoma 
must  have  been  situated  according  to  my  view. 

Here,  again,  then,  we  see  how  ontogeny  recapitulates  phylogeny^ 
how  strikingly  the  remarkable  peculiarities  of  the  development 
of  the  olfactory  organ  in  this  primitive  vertebrate  all  receive 
a  simple  phylogeuetic  explanation  on  the  theory  that  the 
Ammocoetes  has  arisen  from  the  Eurypterid. 

Meaning  of  the  Pituitary  Body. 

There  remains  for  consideration  the  glandular  portion  of  tte 
hypophysis  or  pituitary  body.    This  gland  undoubtedly  arises 

posterior  to  the  hypophysial  tube  or  Eathke's  pouch,  and,  a» 

*  • 

^  B.   Haller,   '<  Untersuoh.  iib.   d.   Hypophyae  a.  d.  InfandiboL   vtgta^* 
Aforph,  Jafirbuch,  Bd.  xxv.  p.  81,  1898, 
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already  mentioned,  is  supposed  by  Kupffer  to  be  formed  from 
the  posterior  wall  of  this  pouch.  More  recently,  as  pointed  out 
in  Haller's  paper,  Nusbaum,^  who  has  investigated  this  matter, 
finds  that  the  glandular  hypophysis  is  not  formed  from  the  walls 
of  Bathke's  pouch,  but  from  the  tissue  of  the  rudimentary  con- 
nection or  stalk  between  the  two  premandibular  cavities,  which 
becomes  closely  connected  with  the  posterior  wall  of  the  Bathke's 
pouch,  and  becoming  cut  off  from  the  rest  of  the  premandibular 
cavity  on  each  side,  becomes  permanently  a  part  of  the  hypophysis 
anlag&  Nusbaum  agrees  with  Kupffer  that  these  premandibular 
cavities  are  formed  from  entodermal  diverticula  of  the  gut,  and 
therefore  that  the  glandular  hypophysis  is  derived  from  cells  of 
the  gut  wall. 

The  importance  of  Nusbaum's  investigation  consists  in  this, 
that  he  derives  the  glandular  hypophysis  from  the  connecting 
stalk  between  the  two  premandibular  cavities,  and  therefore 
forms  it  from  the  walls  of  the  ventral  continuation  of  this  cavity 
on  each  side.  From  what  has  already  been  said,  it  appears  to 
me  clear  that  Kupffer  is  wrong  in  supposing  that  the  preman- 
dibular cavity  is  a  visceral  pouch,  and  that  therefore  the  eye 
muscles  are  the  muscles  of  visceral  arches ;  the  question  has 
been  discussed  in  an  able  manner  by  Neal,^  who  entirely  agrees 
in  his  own  observations  with  those  of  Goette  in  flatly  contra- 
dicting Kupffer's  statements  as  to  the  development  of  the 
premandibular  cavities  in  Ammocoetes  from  diverticula  of  the 
alimentary  canal ;  he  gives  illustrations  of  the  manner  of  forma- 
tion of  the  premandibular  cavities  and  their  connecting  stalk 
in  embryos  of  Squalus  acanthioft,  and  concludes  that  "there 
exists  not  the  faintest  shadow  of  evidence  that  the  mass  of  cells 
which  forms  in  its  lateral  part  the  premandibular  cavities,  and 
in  its  median  part  their  connecting  stalk,  represents  entodermal 
diverticula."  We  may  therefore  consider  the  following  inter- 
pretation of  Kusbaum's  investigations  as  by  far  the  most 
probable,  if  not  most  certainly  true. 

The  coelomic  cavity  known  as  the  premandibular  cavity  divides 
into  a  dorsal  and  a  ventral  part ;  the  walls  of  the  dorsal  part 

^  J.  Nusbaum,  "Einige  neiie  Thatsachen  zar  Entwick.  geschich.  d.  Hypo- 
physis Cerebri  bei  Sangethieren,"  Anat,  Anzeiff.,  Bd.  xii.,  1896. 
«  Op.  eU,,  pp.  199-205. 
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give  origin  to  the  somatic  muscles  belonging  to  the  oculomotor 
nerve,  while  the  walls  of  the  ventral  part  on  each  side  form  the 
connecting  stalk  between  the  two  cavities,  and  give  origin  to 
the  glandular  hypophysis. 

Now,  as  already  pointed  out,  the  premandibular  cavity  is 
homologous  with  the  2nd  prosomatic  coelomic  cavity  of  Limulus, 
and  this  2ud  prosomatic  coelomic  cavity  divides  according  to 
Kishinouye  ^  into  a  dorsal  and  a  ventral  part ;  and  further,  tiie 
walls  of  this  ventral  part  form  the  coxal  gland.  Both  in  the 
"vertebrate,  then,  and  in  the  Limulus  we  find  a  marked  glandular 
tissue  in  the  corresponding  position,  and  the  conclusion  is  forced 
■upon  us  that  the  glandular  hypophysis  was  originally  the  coxal 
gland  of  the  invertebrate  ancestor.  As  in  all  other  cases  in 
this  series  of  papers,  when  the  facts  of  topographical  anatomy, 
of  morphology  and  embryology,  all  combine  to  the  same  con- 
clusion as  to  the  derivation  of  the  vertebrate  organ  from  that 
of  the  invertebrate,  then  there  must  be  also  a  structural 
similarity  between  the  two.  What,  then,  is  the  nature  of  the 
coxal  gland  in  the  scorpions  and  Limulus  ?  Lankester's  paper 
gives  us  full  information  on  this  point  as  far  as  the  scorpion  and 
Limulus  is  concerned,  and  he  shows  that  the  coxal  gland  of 
Limulus  differs  markedly  from  that  of  Scorpio  in  the  size  of  the 
cells  and  in  the  arrangement  of  the  tubes.  In  fig.  20,  A,  I  give 
a  picture  of  a  piece  of  the  coxal  gland  of  Limulus  taken  from 
Lankester's  paper.^ 

Turning  now  to  the  vertebrate,  Bela  Haller's  paper  gives  us  a 
number  of  pictures  of  the  glandular  hypophysis  from  various 
vertebrates,  and  he  especially  points  out  the  tubular  nature  of 
the  gland,  and  its  solidification  in  the  course  of  development  in 
«ome  cases.  In  fig.  20,  B,  I  give  his  picture*  of  the  gland  in 
Ammocoetes. 

The  striking  likeness  between  Haller's  picture  and  Lankester's 
picture  is  apparent  on  the  face  of  it,  and  shows  clearly  that  the 
histological  structure  of  the  glands  in  the  two  cases  confirms 
the  deductions  drawn  from  the  anatomical  and  morphological 
positions. 

^  Op.  cU. 

^  ''On  the  Skeleto-trophic  Tissues  and  Coxal-glands  of  limulus,  Scorpio  and 
.Alygale,"  Q,  J,  of  Micr.  ScL,  fig.  1,  PI.  X. 
3  Op.  ciL,  fig.  29,  Taf.  V. 
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The  sequence  of  eveats  which  gave  rise  to  the  pituitai^  body- 
of  the  vertebrate  was  in  all  probabilitj  somewhat  aa  follows: — 

Starting  with  the  excretory  glauds  of  the  Phyllopoda,  known 
as  shell  glands,  which  existed  almost  certainly  in  the  phyllopod 
Trilobite,  we  pass  to  the  coxal  glands  of  the  Merostomala. 
Judging  from  Limulos  these  were  co-extensive  with  the  coxfe' 
of   the  2nd,  3rd,  4th,  and  5th  locomotor  appendages.    Whea 


Fio.  SO,  A. — Section  or  ooxal  gUnd  or  Limulus  (from  Lonkeiter). 

B. — Section  of  pituitarj  body  of  AmmocccteB.     n.a.,  terminatfon  of 
niaal  passage  (from  Bda  Haller). 

these  appendages  became  reduced  in  size  and  purely  tactile- 
they  were  compressed  and  concentrated  round  the  mouth  region^ 
forming  the  endognaths  of  the  Merostomata ;  as  a  necessary 
consequence  of  the  concentration  of  the  coxEe  of  the  endognaths 
the  coxal  gland  also  became  concentrated,  and  took  up  a- 
Bituation  close  gainst  the  pharynx,  as  represented  in  iig.  17,  B. 
When  then  the  old  mouth  closed  and  the  pharynx  became  the 
saccus  vascuIosuB,  the  coxal  gland  remained  in  close  contact 
with  the  saccus  vasculosus  and  became  the  pituitary  body, 
thus  giving  the  reason  why  there  is  always  so  close  a  connection 
between  the  pituitary  body  and  the  infundibular  region. 

The  PHmoTdial  Cranium. 

How  did   the   old   mouth   close  ?     Clearly,   seeing  that,  as 
already    mentioned,  the  olfactory  tube   was  morphologically 
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•quite  independent  of  the  mouth,  it  was  an  easj  thii^  for 
:8omething  to  grow  between  the  mouth  and  this  tube  if  the 
food  no  longer  passed  that  way,  especially  if  that  something 
was  at  the  time  in  vigorous  growth  and  increasing  iii  im- 
7X)rtance.  This  important  factor  in  the  change  from  the 
Eurypterid  to  the  Vertebrate  was  clearly  the  tissue  of  the 
^cranial  wall,  a  tissue  which  at  first,  as  seen  in  Ammocoetes, 
^as  of  a  peculiar  character,  neither  fibrous  connective  tiasae 
«nor  yet  cartilage — a  massive  connective  tissue,  to  use  Lankester's 
phrase — which  at  transformation  becomes  cartilaginous,  forming 
the  cartilaginous  cranium  of  Petromyzon.  This  cartilage  is  of 
1;he  hard  variety,  continuous  with  that  of  the  trabeculse  and 
^parachordals,  and  was  formed  in  a  gelatinous  tissue  like  that 
^f  the  plastron  or  entosternite,  and  not  in  a  muco-cartilage  like 
the  soft  cartilages.  What,  then,  is  the  cranial  wall?  from 
what  did  it  originate  ?  Clearly  it  is  simply  the  plastron  iteelf, 
which  has  surrounded  the  vital  organs  of  the  brain  and  so 
formed  an  internal  protecting  cranium. 

In  Fart  II.  of  this  series  of  papers  I  have  discussed  the 
formation  of  the  trabeculse  and  come  to  the  conclusion  that 
ithey  were  formed  from  two  lateral  thickened  bars  of  the 
plastron,  which  took  up  a  position  lateral  and  ventral  to  the 
'brain  mass,  either  because  that  was  the  original  position,  or 
^because  the  lateral  portions  of  the  plastron  have  been  pushed 
to  one  side  owing  to  the  growth  of  the  infra-  and  supia* 
■<Keophageal  brain  mass.  The  conversion  of  the  anterior  part 
of  the  plastron  into  lateral  trabeculse  is  well  seen  in  Galeodes ; 
^s  the  figures  12  and  13  show,  the  anterior  part  of  the  plastron 
^(pL)  is  reduced  to  two  lateral  bars  on  each  side  of  the  brain 
mass,  for  no  part  of  the  infra-oesophageal  ganglia  lies  ventral 
to  the  plastron,  while  the  posterior  part  is  formed  by  the 
Junction  of  these  two  lateral  bars  in  the  middle  lina  Further, 
we  see  that  two  wings  arise  from  these  lateral  trabeculse  and 
pass  directly  dorsalwards,  thus  commencing  to  enclose  a  median 
•chamber,  which  contains  only  the  brain  and  the  alimentary 
canal  with  its  appendages ;  these  wings  give  attachment  to 
various  muscles. 

The  same  sort  of  arrangement  is  seen  in  Phrynus;  here, 
tpo,  the  walls  of   the   plastron   form   a   primordial  cranium. 
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Jl8  is  seen  in  fig.  5,  the  plastron  (pi.)  forms  a  smooth  cup, 
within  which  the  supra-CBSophageal  ganglia  and  alimentaiy 
-canal  with  its  accessories  are  lying.  In  its  front  part  it  extends 
round  the  pharynx  and  close  up  to  the  mouth ;  at  its  lateral 
parts  it  approaches  the  inner  surface  of  the  dorsal  wall  of  the 
•carapace,  and,  as  already  mentioned,  gives  origin  on  each  side  to 
the  tendons  of  the  oblique  muscle  (m.  oU,).  To  the  external 
or  outer  surface  are  attached  the  sterno-coxal  muscles  of  the 
appendages. 

In  every  respect  the  front  pa];t  of  the  cranium  of  Ammocoetes 
corresponds  with  this  plastron,  and  it  is  instructive  to  see  how 
the  glandular  tissue  of  the  pituitary  body  is  imbedded  and 
mixed  up  with  the  tissue  of  this  cranial  wall,  how  the  termi- 
nation of  the  nasal  tube  is  imbedded  in  this  same  thickened 
mass  of  the  cranial  wall — how,  in  fact,  both  coxal  gland  and 
olfactory   tube  have   become  involved  in  the  growth  of  the 
tissue  of   the  plastron   by  means  of  which  the  mouth  was 
•closed. 
.  I  speak  only  of  the  front  part  of  the  cranium.     I  have  pur- 
posely throughout  these  papers  kept  silent  on  the  subject  of 
the   parachordals    and    the    auditory  capsule ;    they  will    be 
•considered  when  I  come  to  deal  with  the  auditory  organ. 

This  is  the  reason  why  it  has  proved  impossible  for  all 
morphologists  to  resolve  the  cranium  into  a  series  of  segments 
because  it  was  formed  from  the  plastron,  and  the  component 
segments  of  the  plastron  are  far  to  seek. 


Part  VII. — On  the  Evidence  of  Prosomatic  Appendages 
IN  Ammocgetes,  as  given  by  the  Course  and  Distri- 
bution OF  the  Trigeminal  Nerve. 

This  part  of  my  paper  consists  largely  of  the  tracing  of  the 
branches  of  the  trigeminal  nerve,  of  the  origins  and  insertions 
of  muscles,  and  of  the  position  of  the  skeletal  structures  by 
means  of  serial  sections  through  the  head  region  of  Ammocoetes, 
•a  task  which  has  been  carried  out  by  Miss  Alcock  in  the  same 
^aj  as  in  the  previous  paper  by  her  on  the  distribution  of  the 
^nerves  of  the  branchial  region,  so  that  the  facts  recorded  in  this 
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part  of  my  series  of  papers  are  very  largely  due  to  her.  I  bav&. 
however,  thought  better  not  to  interrupt  the  'sequence  of  my 
argument  by  putting  in  her  work  as  a  separate  paper,  and  shall 
therefore  continue  to  speak  in  the  first  person. 

I  have  already,  to  a  large  extent,  anticipated  this  part  of  my 
paper  by  the  comparison  of  the  diagrams  on  p.  524,  in  which  ai> 
ideal  section  of  a  Eurypterid  is  compared  with  a  section  of  tbe- 
early  or  larval  stage  of  the  Ammocoetes.  This  comparison 
implies  that  the  oral  chamber  of  Ammoccetes  arose  from  the^ 
accessory-oral  or  metastomal  chamber  of  the  Eurypterid,  that 
therefore  the  lower  lip  of  the  Ammocoetes  originated  from  the- 
last  pair  of  prosomatic  appendages  or  metastoma,  which  had 
fused  in  its  basal  part  with  the  basal  part  of  the  opercular 
segment  to  form  a  septum  between  this  oral  chamber  and  the 
original  branchio-genital  chamber.  We  ought,  therefore,  to< 
expect  to  find  in  Ammocoetes  evidence  of  a  separate  segment  of 
the  same  nature  as  the  branchial  segments  already  discussed  in 
Parts  III.  and  lY.,  but  not  bearing  branchiae,  immediately  in 
front  of  and  intimately  connected  with  the  thyroid  segment 
Such  a  segment  would  be  innervated  by  a  separate  part  of  the 
trigeminal  nerve,  and  its  muscles  would  include  the  muscles  of 
the  septum  in  part  as  well  as  those  of  the  lower  lip. 

The  rest  of  the  motor  part  of  the  trigeminal  nerve  supplies- 
in  Ammocoetes  the  muscles  of  the  tentacles  and  the  tipper  lip;, 
and,  in  accordance  with  the  comparison  indicated,  arose  from 
the  conjoined  prosomatic  appendage  nerves,  which  supplied 
originally  the  ectognaths  and  the  endognaths,  together  with 
the  endostoma  or  pro-mesostemite,  to  which  the  stemo-coxal 
processes  of  the  latter  were  attached  Of  these  tentacles,  it  is- 
suggested,  from  the  comparison  of  the  diagrams,  that  the  large 
ventral  tentacle,  which  is  known  to  be  formed  by  the  fusion  of 
the  most  ventral  pair,  called  by  Bathke  the  tongue,  is  the  re- 
presentative of  the  pair  of  ectognaths,  while  the  rest  of  the 
tentacles  represent  the  concentrated  endognaths. 

In  this  paper  I  propose  to  see  how  far  the  actual  distribution 
of  the  nerves,  the  muscles,  and  the  skeletal  structures  lend 
countenance  to  this  suggestion. 

The  first  fact  which  strikes  one  as  very  su^estive  is  that  the- 
structures  innervated  by  the  trigeminal  in  the  Ammocoetes  are- 
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extraordinarily  difTereut  from  those  which  it  inuervates  in 
higher  Vertebrates,  and,  indeed,  in  Petromyzon  itself ;  for,  just 
as  the  thyroid  segment  disappears  at  transformation,  so  the 
peculiar  structures  in  the  oral  cavity  of  Ammocoetes,  known  as 
the  tentacles  and  the  velar  folds,  disappear  at  transforma- 
tion, and  give  way  to  the  tongue  and  suctorial  apparatus  of  the 
adult  animal.  Such  persistence  in  the  larval  condition  with 
disappearance  at  transformation  points  strongly  to  the  con- 
clusion that  in  these  organs,  as  in  other  cases,  we  have  a  clue 
to  the  pre- vertebrate  condition  of  the  ancestor  of  Ammocoetes. 

The  second  suggestive  fact  is  that  all  these  structures,  which 
I  regard  as  having  originally  been  proeomatic  appendages,  arise 
embryologically  as  outbuddings,  much  in  the  same  way  as  they 
must  do  if  they  were  derived  from  arthropod  appendages. 

Thus,  undoubtedly,  as  described  by  Balfour,  the  tentacles  all 
arise  as  distinct  outgrowths,  and  so  also  does  the  lower  lip. 
The  oral  chamber  is  usually  spoken  of  as  the  stomodaeum  or 
stomoddBal  invagination,  and  the  septum  separating  it  from  the 
respiratory  chamber  is  called  the  septum  of  the  stomodseum ;  it 
is  acknowledged  to  diflfer  from  the  stomodaeum  of  other  Verte- 
brates by  its  extensive  length.  Judging  from  Dohrn's  and 
Kupffer's  ^  description  and  illustrations,  this  chamber  would  be 
more  truly  described  as  formed,  not  by  invagination,  but  by  the 
forward  growth  of  a  ventral  outgrowth  or  lower  lip,  which,  as 
is  seen  from  their  illustrations,  grows  forward  from  the  anterior 
limiting  septum  of  the  branchial  chamber.  Subsequently  when 
the  animal  is  5  mm.  in  length  a  larval  metamorphosis  takes 
place  according  to  Kupffer,  characterised  by  a  rapid  forward 
growth  of  the  upper  lip,  by  which  the  nasal  orifice  is  brought  to 
the  dorsal  surface,  and  thus  by  the  forward  outgrowth  of  the 
upper  and  lower  lips  the  deep  large  oral  chamber  of  the 
Ammocoetes  is  formed. 

The  formation  of  the  fused  pair  of  appendages  called  the 
metastoma  in  the  Eurypterids  by  which  an  accessory  oral 
chamber  was  formed  must  have  taken  place  by  the  forward 
growth  of  a  ventral  outbudding  in  much  the  same  way  as  the 
lower  lip  of  Ammocoetes  is  formed. 

*  stud  z.  vergleich.  Entwick.  d.  Kopf.  d.  Kranioteu.  2^  Heft.  **Die 
Eotwicklung  des  Kopfes  vou  Ammoccetes  Planeri."    1894. 

VOL.  XXXIV.  (N.S.  vol.  XIV.) — JULY  1900.  2  P 
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The  Segment  of  the  Lower  Zip,  or  Metastomal  Sefftnent, 

We  have  seen  that  in  the  branchial  or  mesosomatic  region  the 
segments  corresponding  to  the  mesosomatic  appendages  were 
mapped  out  by  means  of  their  supporting  or  skeletal  structures, 
their  segmental  muscles,  and  their  nervous  arrangements,  as  well 
as  by  the  arrangement  of  the  branchiae.  Similarly  the  8^;ments 
in  front  of  the  branchial  region  corresponding  to  the  prosomatic 
appendages  ought  to  be  definable  by  the  same  means,  although, 
owing  to  the  absence  of  branchise  and  the  greater  concentration 
in  this  region,  the  separate  segments  would  probably  not  be  bo 
conspicuous. 

The  last  segment  considered  in  this  series  of  papers  was  ti» 
segment  belonging  to  the  Vllth  nerve  corresponding  to  the 
opercular  appendages  of  the  Eurypterid.  The  segment  immedi- 
ately in  front  of  this  is  the  next  for  consideration,  viz.,  that  cor- 
responding to  the  chilarial  appendages  or  metastoma ;  and  as  the 
basal  part  of  this  pair  of  appendages  was  fused  with  the  basal 
part  of  the  operculum,  the  one  cannot  be  discussed  without  the 
other;  therefore  the  segment  to  which  the  lower  lip  belongs 
must  be  considered  in  connection  with  and  not  apart  from  the 
thyro-hyoid  segments  already  dealt  with. 

In  Part  II.  (this  Journ.,  vol.  xxxii.  p.  560)  of  this  series  of 
papers  I  stated,  in  anticipation  of  this  present  part,  that  the 
skeletal  supporting  structures  of  the  foremost  head  segments 
were  composed,  not  of  cartilage  as  in  the  branchial  region,  bat 
of  muco-cartilage,  and  that  the  arrangement  of  these  maco- 
cartilaginous  plates  and  bars  indicated  the  nature  of  the 
invertebrate  segments  in  this  region. 

Just  as  each  of  the  branchial  segments  is  marked  out  by  its 
separate  cartilaginous  bar,  so  the  segments  in  front  are  charac- 
terised by  their  separate  supporting  muco-cartilaginous  biira 
It  is  of  special  interest,  in  connection  with  the  segments  indi- 
cated by  such  supporting  structures,  to  find  that  this  special 
tissue  is  entirely  confined  to  the  head  region  and  disappeais 
absolutely  at  transformation,  thus  indicating  the  ancestral 
nature  of  the  segments  marked  out  by  its  presence. 

This  muco-cartilaginous  skeleton  is  the  key  to  the  whole  posi- 
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tion,  and  requires,  therefore,  to  be  understood.  It  is  of  greiit 
importance,  not  only  because  it  demoustrates  the  position  of  the 
segments  in  Ammocoetes  which  characterised  its  invertebrate 
ancestor,  but  also  because  it  possesses  a  structure  remarkably 
similar  to  that  found  in  the  head  plates  of  the  most  ancient  fishes. 
For  the  present  I  will  confine  myself  to  the  consideration  of 
this  muco-cartilaginous  skeleton  as  evidence  of  the  relationship 
of  Amnioccetes  to  the  Eurypterids,  and  in  Part  VIII.  will  show 
how  absolutely  the  same  skeleton  corresponds  to  that  of  the 
Cephali^idse,  so  that  the  Ammocoetes  is  really  a  slightly  modi- 
fied Cephalaspid,  the  larval  form  of  which  was  Eurypterid  in 
character. 

In  Part  III.  of  this  series  of  papers  (this  Journ.,  vol.  xxxiiL  PI. 
III.  figa  1  and  2)  I  have  given  a  representation  of  the  dorsal  and 
ventral  views  of  an  Ammocoetes  cut  in  half  horizontally.  Such  a 
section  shows  with  great  clearness  the  series  of  branchial  append- 
ages with  their  segmental  muscles  and  cartilaginous  bars  which 
form  the  branchial  segments  innervated  by  the  IXth  and  Xth 
nerves  according  to  my  view  of  the  branchial  unit.  As  is  seen  in 
those  figures,  the  skeletal  bar  of  the  hyoid  or  opercular  append- 
sge,  which  Ib  clearly  serially  homologous  with  the  other  branchial 
bars,  is  composed  of  muco-cartilage  and  not  of  cartilage.  If 
we  follow  this  series  of  horizontal  sections  nearer  to  the  origin 
of  the  cartilaginous  bars  from  the  sub-chordal  cartilaginous  rod 
on  each  side  of  the  notochord,  we  obtain  a  picture  as  in  fig.  1,  PI. 
LVI.,  in  which  each  branchial  segment  is  defined  by  the  section  of 
the  branchial  cartilaginous  bar  {sk^^  8k^\  by  the  section  of  the 
separate  branchiae  (br^,  br^),  and  by  the  separate  segmental 
muscles  arranged  round  each  bar,  which  are  partly  ordinary 
striated  (m^,  m^),  partly  tubular  (mt^y  mt^).  The  uppermost  of 
these  branchial  segments  shows  the  same  arrangement ;  (^3)  is 
the  branchial  skeletal  *bar,  which  is  now  composed  of  muco- 
cartilage,  not  cartilage  ;  (br^)  is  the  branchiae  in  the  same  situa- 
tion as  the  rest,  but  here  composed  of  glandular  rather  than  of 
respiratory  epithelium,  while  the  ordinary  striated  branchial 
muscles  of  this  segment  are  marked  as  (^3),  being  separated  from 
the  tubular  muscles  of  the  segment  (nU^),  owing  to  the  large  size 
of  the  blood  space  in  which  these  latter  muscles  are  lying.  In 
front  of   this  segment  so  defined  we  see  again  another  well- 
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marked  skeletal  bar  (sk^)  of  muco-cartilage,  evidently  indicat- 
ing a  similar  segment  anterior  to  the  hyoid  segment.  In  con- 
nection with  this  bar  there  are  no  branchiae,  but  again  we  see 
two  sets  of  visceral  muscles,  the  one  ordinary  striated,  marked 
(Wg),  and  the  other  tubular,  marked  (rnti).  Here,  then,  the  sec- 
tion indicates  the  existence  of  a  segment  of  the  same  character 
as  the  posteriorly-situated  branchial  segments  but  belonging  to  a 
non-brauchial  region — ^a  segment  which  would  represent  a  nou- 
branchial  appendage,  the  last  therefore  of  the  prosomatic 
appendages.  Let  us,  then,  follow  out  these  two  segmental 
muco-cartilaginous  bars  and  their  attendant  muscles,  and  see 
what  sort  of  segments  we  thereby  form. 

The  bar  which  comes  first  for  consideration  (sk^)  arises 
immediately  behind  the  auditory  capsule  from  the  first  branchial 
cartilage  very  soon  after  it  leaves  the  sub-chordal  cartili^noiis 
ligament ;  the  soft  cartilage  of  the  sub-chordal  ligament  ceases 
abruptly  to  extend  along  the  notochord  at  the  place  where  the 
hard  cartilage  of  the  parachordal  joins  it,  and  in  a  sense  it  may 
be  said  to  there  leave  the  notochord  and  pass  into  the  basal 
part  of  the  first  branchial  bar.  The  most  anterior  continuation 
of  this  branchial  system  is  this  muco-cartilaginous  bar  {sk^)y 
which  passes  forward  and  ventralwards,  being  separated  from  the 
axial  line  by  the  auditory  capsule  (cf,  figs.  A,  B,  C,  PI.  LVIL). 
Its  position  is  well  seen  in  a  sagittal  section,  such  as  fig.  12,  PL 
LVI.  It  follows  absolutely  theline  of  the  pseudo-branchialgroove, 
and  ventrally  joins  the  plate  of  muco-cartilage  which  cover* 
the  thyroid  gland.  It  forms  a  thickened  border  to  this  plate 
anteriorly,  just  as  the  branchial  cartilaginous  bars  border  it 
posteriorly.  In  fact,  it  behaves  with  respect  to  the  hyoid 
segment  in  a  manner  similar  to  the  rest  of  the  cartilaginous 
bars  with  respect  to  their  respective  segments. 

It  represents,  although  composed  *of  muco-cartilage,  the 
cartilaginous  bar  of  the  operculum  in  Limulus,  which  also 
forms  the  termination  of  the  branchial  cartilaginous  system,  as 
fully  explained  in  Part  II.  of  this  series  of  papers ;  it  may 
therefore  be  called  the  opercular  bar. 

The  next  bar  (5*2*  ^^  ^S- 1»  ^^'  LVI.)  is  extremely  interesting, 
as  we  are  now  out  of  the  branchial  or  meeosomatic  region,  and 
into  the  region  corresponding  to  the  prosoma.     It  starts  from  a 
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cartilaginous  projection  made  of  hard  cartilage,  just  in  front  of 
the  auditory  capsule,  called  by  Parker  the  pedicle  of  the 
pterygoid, — a  projection  (ped  in  fig.  1,  PL  LVI.)  which  defines 
the  posterior  limit  of  the  trabeculse  on  each  side,  where  they 
join  on  to  the  parachordals, — and  winding  round  and  below  the 
auditory  capsule,  joins  the  opercular  bar  (see  PI.  LVII.),  to  then 
pass  into  and  form  part  of  the  muco-cartilaginous  plate  of  the 
lower  lip.  In  the  actual  section  figured,  this  projection  of  hard 
cartilage  is  not  directly  continuous  with  (sk^),  owing  to  a  slight 
curvature  in  the  bar ;  the  next  few  sections  show  clearly  the  con- 
nection between  (ped)  and  (sk^,  and  consequently  the  complete 
separation  by  means  of  this  bar  of  the  hyoid  segment  from  the 
segment  in  front.  In  the  figures  on  Pis.  LVI.,  LVII.,  the  hard 
cartilage  is  coloured  purple,  the  soft  cartilage  blue,  and  the 
rauco-cartilage  red,  so  that  the  position  of  this  bar  is  well  shown. 
This  bar  may  be  looked  upon  as  bearing  the  same  relation  to 
the  muco-cartilaginous  plate  of  the  lower  lip  as  the  opercular 
bar  to  the  muco-cartilaginous  plate  over  the  thyroid ;  and  seeing 
that  these  two  plates  form  one  continuous  ventral  head- shield 
of  muco-cartilage  (PI.  LVII.,  B),  and  also  that  this  bar  fuses 
with  the  opercular  bar,  we  may  conclude  that  the  segment  re- 
presented by  the  lower  lip  is  closely  connected  with  the  hyoid 
or  opercular  segments.  In  other  words,  if  the  lower  lip  arose 
from  the  metastoma,  then  this  pair  of  skeletal  bars  might  be 
called  the  metastomal  bars,  which  formed  the  supporting 
skeleton  of  the  last  pair  of  prosomatic  appendages,  and,  as  is 
likely  enough,  arose  in  connection  with  the  posterior  lateral 
horns  of  the  plastron ;  these  posterior  lateral  horns,  like  the 
rest  of  the  plastron,  would  give  rise  to  hard  cartilage,  and  so 
form  in  AmmoccEtes  the  two  lateral  so-called  pterygoid  projec- 
tions. 

In  the  branchial  region  the  muscles  which  marked  out  each 
branchial  segment  were  of  two  kinds,  ordinary  striated  visceral 
rmuscles  and  tubular  muscles.  Of  these  the  former  represented 
the  dorso-ventral  muscles  of  the  branchial  appendages,  while  the 
latter  formed  a  separate  group  of  dorso-ventral  muscles  with  a 
separate  innervation  which  may  have  been  originally  the  seg- 
mental veno-pericardial  muscles  so  characteristic  of  Limulus  and 
ithe  scorpions.   In  figs.  1, 2,  PI. LVI.,  the  grouping  of  these  muscles 
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in  each  branchial  segment  is  well  shown,  and  it  is  immediately 
seen  that  the  hyoid  segment  possesses  its  groiip  of  striated 
visceral  muscles  (m^)  supplied  by  the  Yllth  nerve  in  the  same 
manner  as  the  posterior  groups,  as  has  already  been  pointed  out 
by  Miss  Alcock  in  her  previous  paper.  Passing  to  the  segment  id 
front,  fig.  1  shows  that  the  group  of  visceral  muscles  (m^  would 
correspond  in  relative  position  with  respect  to  the  metastomal 
bar  to  the  hyoid  muscles  with  respect  to  the  opercular  bar  or  to 
the  branchial  visceral  muscles  with  respect  to  each  branchial 
bar.  What,  then,  is  this  muscular  group  ?  The  series  of  sections 
show  that  these  are  the  dorso-veutral  muscles  belonging  to  the 
lower  lip  which,  as  seen  in  fig.  21,  M,  form  a  well-marked 
muscular  sheet,  the  fibres  of  which  interlace  across  the  mid- 
ventral  line  of  the  lower  lip.  This  group  of  lower  lip  muscles  is 
very  suggestive,  for  they  arise,  not  from  the  trabeculae,  but  from 
the  front  dorsal  region  of  the  cranium,  just  in  front  of  the 
two  lateral  eyes.  Jn  fig.  2,  PI.  LVI.,  their  dorsal  part  is  seen 
cut  across  on  its  way  to  its  dorsal  attachment.  Such  an 
origin  is  reminiscent  of  the  tergo-coxal  group  of  muscles^ 
arising,  as  they  do,  from  the  primordial  cranium  and  the 
tergal  carapace ;  and  suggests  at  once  that  when  the  chilarial 
appendages  expanded  to  form  a  metastoma,  their  tergo-coxal 
muscles  formed  a  sheet  of  muscles  similar  to  those  of  the  lower 
lip  of  Ammocoetes,  by  which  the  movements  of  the  metastoma 
were  effected.  The  posterior  limit  of  these  muscles  ventraDy 
marks  out  the  junction  of  the  segment  of  the  lower  lip  with  that 
of  the  thyroid ;  in  other  words,  indicates  where  the  metastoma 
has  fused  ventrally  with  the  operculum  (fig.  2,  PL  LVI.). 

Besides  the  striated  visceral  muscles,  each  branchial  segment 
possesses  its  own  tubular  muscles,  shown  in  fig.  2,  PI.  LVI.  (nU^ 
and  (tiU^).  As  the  section  shows,  there  is  clearly  a  group  of  tubu- 
lar muscle  fibres  belonging  to  the  hyoid  segment  (mt^),  and  also 
another  group  belonging  to  the  segment  in  front  of  the  hyoid 
(rrUi) ;  so  that,  judging  from  this  section,  each  of  these  segments 
possesses  its  own  tubular  musculature  just  as  the  branchial 
segments,  the  difference  being  that  the  tubular  muscles  are  more 
separated  from  the  striated  visceral  group  than  in  the  true 
branchial  segments,  owing  to  the  size  of  the  blood  spaces  sur- 
rounding them.    What,  then,  are  these  two  groups  of  muscles  t 
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Tracing  them  in  the  Beriea  of  sections,  botli  groups  arc  seea  to 
belong  to  the  system  of  velar  muacles,  forming  an  anterior  and 
a  poeterior  Kroup  respectively ;  and  we  see,  further,  that  there  is 
BOt  the  slightest  trace  of  any  tubular  muscles  anterior  to  these 
muscles  of  the  velum. 

In  the  living  Amtnoccetes  the  velar  folds  on  each  fdde  can  be 
aeeo  to  move  synchronously  with  the  movemeute  of  respiration, 


rio.  SI.— Teatnl  vi«w  of  1i»ad  t«^au  ot  Ammoccetes.      Tb,  thyroid  gUnd; 
U,  loirer  lip  with  its  muiclei. 

contracting  at  each  expiration  and  thus  closing  the  slit  by 
irtiich  the  oral  and  respiratory  chambers  communicate,  and  bo 
forcing  the  waters  of  respiration  through  the  gill  slits,  as  de- 
scribed by  Schneider.     Such  a  fact  is  clear  evidence  that  these 
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tubular  muscles  of  the  velar  folds  l)eIong  to  the  same  series  as 
the  tubular  muscles  of  the  branchial  segments,  so  that  if,  as  I 
have  already  suggested,  the  latter  muscles  were  originally  the 
veno-pericardial  muscles  of  segments  corresponding  to  the 
branchial  appendages,  then  the  former  would  represent  the  veno- 
pericardial  muscles  of  the  segments  corresponding  to  the 
opercular  and  metastonial  appendages.  What,  then,  are  these 
velar  folds,  and  how  is  it  that  the  tubular  muscles  of  these  two 
segments  become  the  velar  muscles  ?  I  will  consider,  in  the  first 
instance,  the  posterior  group  of  muscles  (mt^)  in  fig.  1,  PL  LYL 

It  has  already  been  pointed  out  that  the  tubular  muscles  of 
the  branchial  segments  are  dorso-ventral,  but  do  not  run  with 
the  ordinary  constrictors,  having  separate  attachments  and 
running  part  of  their  course  internal  to  and  partly  external  to 
the  ordinary  constrictors.  At  first  sight,  as  is  usually  stated, 
the  hyoid  segment  does  not  appear  to  possess  tubular  muscles 
at  all.  If,  however,  we  follow  the  posterior  group  of  velar 
muscles  (mt^),  we  see  (fig.  2,  PI.  LVL)  that  they  pass  between  the 
auditory  capsule  and  the  opercular  bar  (^*3)  of  muco-cartilage  to 
reach  the  region  of  the  jugular  vein  (j.v.)  posterior  to  the 
auditory  capsule,  so  that  their  dorsal  origin  bears  the  same 
relation  to  the  hyoid  segment  as  the  dorsal  attachment  of  the 
rest  of  the  tubular  muscles  to  their  respective  segments. 
Further,  these  muscles  run  along  the  length  of  the  velar  fold, 
and  are  attached  ventrally  on  each  side  of  the  thyroid  gland, 
so  that  their  ventral  attachment  also  corresponds  in  .position  as 
regards  the  hyoid  segment  with  the  ventral  attachment  of  the 
rest  of  the  tubular  muscles  as  regards  their  respective  s^ments. 

This  ventral  attachment  is  shown  in  fig.  21  on  each  side  of 
the  thyroid  and  in  fig.  22 ;  while  in  fig.  2,  PI.  LVI.,  the  fibres  are 
seen  converging  to  this  ventral  position.  In  other  words,  this 
large  posterior  muscle  of  the  velar  folds  is  a  dorso-ventral 
muscle,  and  would  actually  take  the  same  position  in  the  hyoid 
segment  as  the  dorso-ventral  tubular  muscles  in  the  other 
branchial  segments,  if  the  velum  were  put  back  into  its  original 
position  as  the  septum  terminating  the  branchial  chamber. 
Conversely,  the  presence  of  these  hyoid  tubular  muscles  in  the 
velum  gives  evidence  that  the  opercular  segment  takes  part  in 
the  formation  of  the  septum,  as  already  suggested* 
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Miss  Alcock,  in  her  paper ,^  speaks  of  tubular  muscles  belonging 
to  the  hyoid  segment,  which  are  attached  to  the  muco-cartilage. 
Schaffer  ^  also  speaks  of  certain  tubular  muscles  belonging  to  the 
velar  group  as  piercing  the  muco*cartilage  (A  r  s)  in  his  figures 
24  and  25,  i.e.,  the  metastomal  bar,  near  its  junction  with  the 
opercular  bar.  In  my  specimens  there  is  a  distinct  group  of 
tubular  muscles  which  pierce  the  opercular  bar  of  muco-cartil- 
4ige  at  its  junction  with  the  metastomal  bar,  and  pass  into  the 
posterior  group  of  velar  muscles.  They  clearly  belong  to  the 
'hyoid  segment,  as  Miss  Alcock  supposed,  but  are  not  attached 
4k)  the  muco-cartilage.  It  is  possible  that  they  represent  a 
<lifferent  group  to  those  already  considered,  and  suggest  the 
possibility  that  this  opercular  or  thyro-hyoid  segment  is  double 
with  respect  to  its  original  veno-pericardial  muscles  as  well  as 
in  other  respects. 

The  anterior  group  of  tubular  muscles  (m/j,  figs.  1,  2,  PL  LVI.) 
belonging  to  the  same  segment  as  the  metastomal  bar  must  be 
DOW  taken  into  consideration.  Very  different  is  their  origin  to 
that  of  the  posterior  group :  they  arise  close  up  against  the  eye, 
and  have  given  risen  to  KupfTer's  and  Hatschek's  confusion  that 
the  superior  oblique  muscle  of  the  eye  arises  from  a  part  of 
-the  velar  musculature.  Naturally,  as  Neal  *  has  pointed  out, 
they  have  nothing  to  do  with  the  eye  muscles ;  the  superior 
oblique  muscle  is  plainly  in  its  true  place  apart  entirely  from 
these  velar  muscles,  which  form  the  foremost  group  of  the 
segmental  tubular  muscles.  They  pass  into  the  anterior  part 
of  the  velar  folds  and  run  round  to  the  ventral  side  just  in  the 
same  way  as  the  posterior  group.  This  muscle  represents  the 
veno-pericardial  muscle  of  the  segment  immediately  in  front  of 
rthe  opercular,  i.e.,  the  metastomal  segment,  and  is  the  foremost 
of  these  veno-pericardial  muscles.  Its  presence  shows  that  the 
velar  folds,  formed  as  they  were  by  the  breaking  down  of  the 
iseptum,  are  in  reality  part  of  two  segments,  viz.,  the  opercular 
.and  the  metastomal,  which  have  fused  together  in  their  basal 

^  R.  Alcock,  "  The  peripheral  distribation  of  the  cranial  nerves  of  Aramocoetes," 
this  Journal,  vol.  xxiii.  p.  141,  1898. 

'  Schaifer,  "  Ueber  d.  Knorpelige  Skelett  v.  Ammocoetes,''  Ac,  Zeitsch.  /. 
WUs,  ZooL,  vol.  Ixi.  p.  636,  1896. 

•'  Op,  eU.  See  discassion  of  Hatschek's  and  Eupffer'a  viewB  on  the  origin  of 
ithe  eye  mnacles,  pp.  192, 193,  204,  205. 
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parts,  aud  by  such  fusion  have  caused  the  inter-relationship- 
between  the  Vllth  and  Yth  nerves,  so  apparent  in  the  anatomy 
of  the  vertebrate  cranial  nerves. 

The  existence  of  a  veno-pericardial  muscle  in  a  segment  in 
front  of  the  mesosomatic  region  is  highly  probable,  seeing  that 
Benham  in  his  description  of  the  veno-pericardial  musculature 
of  Limulus  says,^  **  Besides  the  six  pairs  in  the  abdomen  two 
pairs  occur  on  each  side  of  the  thoracic  entochondrite."  (See- 
Part  iii.  p.  172,  fig.  5,  vp,) 

Again,  the  supposition  that  the  segmental,  tubular  muscles- 
belong  throughout  to  the  veno-pericardial  group,  gives  an  ade- 
quate reason  why  they  do  not  occur  in  front  of  the  velum ;  for 
as  their  existence  is  dependent  upon  the  longitudinal  collecting 
sinus  in  Limulus  and  the  scorpion,  which  is  represented  by  the 
ventral  aorta  in  Ammocoetes,  they  cannot  extend  beyond  its- 
limits.  Now  Dohrn^  asserts  that  the  ventral  aorta  terminates, 
in  the  spiracular  artery,  which  exists  only  for  a  short  time ;  and 
in  another  place,  speaking  of  this  same  termination  of  the  ventral 
aorta,  he  states  ^ :  *'  Dass  je  eine  vorderste  Arterie  aus  den  beiden 
primaren  Aesten  des  Conus  arteriosus  hervorgeht,  die  erste 
Anlage  der  Thyroidea  umfasst,  in  der  Mesodermfalte  des  spateren 
Yelums  in  die  Hohe  steigt  um  in  die  Aorta  der  betreffeudeiL 
Seite  einzumuuden."  These  observations  show  that  the  vessel 
which  in  Ammocoetes  represents  the  longitudinal  collecting 
sinus  in  the  Merostomata  does  not  extend  further  forwards  than 
the  velum,  and  in  consequence  the  representatives  of  the  veno- 
pericardial  muscles  cannot  extend  into  the  segments  anterior  to- 
the  velum.  One  of  the  extraordinary  characteristics  of  these 
tubular  muscles  which  disringuish  them  from  other  muscles  but 
barings  them  into  close  relationship  with  the  veno-pericardial 
group  is  the  manner  in  which  the  bundles  of  muscle  fibres  are 
always  found  lying  freely  in  a  blood  space ;  this  is  clearly  seen 
in  the  branchial  region,  but  most  strikingly  in  the  velum,  the 
interior  of  which,  apart  from  its  muco-cartilage,  is  simply  a- 
large  lacunar  blood  space  traversed  by  these  tubular  muscles. 
Such  blood  spaces  are  very  striking  from  the  point  of  view 

1   Op.  cit.,  p.  831. 

«  A.  Dohni,  AfUth.t  a,  d,  ZooL  Stat.  Keapel,  fig.  4,  PL  X.,  vol.  8,  xiii.  Stod. 

«  Ibid.,  p.  263. 
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of  this  series  of  papers,  but  cannot  be  considered  here ;  I  shall 
therefore  leave  the  discussion  of  their  meaning  to  the  part  which 
will  deal  with  the  origin  of  the  vascular  and  lymphatic  systems 
of  the  Vertebrate. 

The  consideration  of  the  tubular  muscles  of  the  velum  leads 
distinctly  to  the  conclusion  that  the  velum  belongs  to  two 
segments,  the  posterior  part  belonging  to  the  hyoid  or  opercular 
segment,  and  the  anterior  part  to  the  segment  immediately  in 
front  of  the  hyoid.  This  latter  segment  ought,  according  to  the 
theory,  to  have  been  the  metastomal  segment,  and  consequently 
the  anterior  portion  of  the  velum  ought  to  bear  some  distinct 
relation  to  the  lower  lip.  In  striking  confirmation  of  such  rela- 
tion 18  the  course  of  the  nerve  which  supplies  the  muscles  of 
the  lower  lip. 

In  fig.  5,  PL  LVI.,  the  distribution  of  the  trigeminal  nerve  is 
given,  its  motor  branches  being  coloured  red.  The  most 
posterior  branch  containing  motor  fibres  is  the  large  con- 
spicuous nerve  called  by  Hatschek  ^  and  others  the  mandibular 
or  velar  nerve.  It  arises  so  separately  from  the  rest  of  the 
trigeminal  as  almost  to  deserve  the  title  of  a  separate  nerve. 
When  it  leaves  the  large  posterior  ganglion  of  the  trigeminal  it 
passes  into  the  anterior  part  of  the  velum  close  alongside  the 
anterior  group  of  tubular  muscles  already  spoken  of.  In  its 
origin,  therefore,  it  represents  the  nerve  belonging  to  the 
same  segment  as  the  anterior  tubular  muscles.  It  passes  into 
the  velum,  runs  along  with  the  tubular  muscles  to  the  ventral 
surface  as  far  as  the  junction  of  the  lower  lip  with  the 
thyroid  plate,  and  has  not  been  followed  further  by  Hatscheic 
Here,  instead  of  passing  backward  with  the  tubular  muscles,  it 
bends  abruptly  forwards  to  supply  the  lower  lip.  In  my  address 
at  Liverpool  I  spoke  of  the  termination  of  this  nerve  in  the 
median  ventral  tentacle  or  tongue.  This  was  a  mistake  ;  Miss 
Alcock  has  traced  it  to  its  destination,  and  proved  that  it 
terminates  in  the  muscles  of  the  lower  lip.  The  segmental 
nerve,  then,  of  the  anterior  portion  of  the  velum  is  the  motor 
nerve  of  the  lower  lip,  and  we  see  that  this  nerve  and  the 
thyroid  branch  of  the  facial  behave  with  respect  to  the  lower 

^  Hatschek,  "  Ueber  die  Metamerie  des  Wirbelthier  Kopfes,"  AticU.  Anzeiger, 
1S92. 
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lip  and  the  thyroid  segment  in  precisely  the  same  manner  as 
the  metastomal  nerve  and  genital  branch  of  the  opercolar 
nerve  behave  with  respect  to  the  metastoma  and  operculum 
respectively.    (See  fig.  17.) 

Further,  in  the  velum  itself  this  nerve  supplies  an  ordinary 
striated  muscle  belonging  to  the  metastomal  segment  This 
muscle  is  the  only  non-tubular  muscle  belonging  to  the  velmn ; 
it  is  the  muscle  by  which  the  anterior  portion  of  the  velar 
folds  are  drawn  apart  from  each  other  and  so  the  slit  opened 
through  which  the  food  and  mud  must  pass.  This  muscle  is 
attached  laterally  to  the  muco-cartilage  of  the  metastomal  bar 
{kk^  at  its  junction  with  the  muco-cartilage  of  the  lower  lip, 
and  spreads  out  into  a  number  of  strands  which  are  attached 
at  intervals  along  the  whole  length  of  the  free  anterior  edge 
of  the  velum.  It  represents  a  metastomal  muscle  not  belong- 
ing to  the  tergo-coxal  group,  and  is  seen  in  section  in  fig.  2, 
PI.  LVI. 

As  to  the  innervation  of  the  tubular  muscles,  the  anterior 
group  is  certainly  supplied  by  the  velar  nerve,  and  apparently 
flo  also  is  the  posterior  group.  Considering  the  peculiarity 
of  the  nerve  supply  of  these  tubular  muscles  by  a  special 
nerve,  the  'profxLndv^  branchiodis  of  the  Vllth  nerve,  I  fully 
■expected  to  find  a  branch  of  the  profundvs  branchialis  passing 
off  with  these  tubular  muscles  at  their  origin  behind  the 
auditory  capsule.  Neither  Miss  Alcock  nor  I  myself  have 
:6ucceeded  in  finding  such  a  branch.  On  the  other  hand,  she 
has  been  unable  to  find  any  difference  in  the  innervation  of 
the  two  groups  of  tubular  muscles;  the  velar  nerve  supplies 
both.  I  conclude,  therefore,  that  the  separate  system  of  nerves 
which  innervates  the  tubular  muscles  arises  at  the  jnnctiou 
•of  the  prosomatic  and  mesosomatic  system  of  nerves  and  runs 
to  the  foremost  tubular  muscles  in  conjunction  with  the  last 
prosomatic  nerve.  The  whole  question  of  the  origin  of  this 
.system  cannot  be  adequately  discussed  until  we  know  the 
origin  of  the  nerves  which  supply  the  heart  and  veno-pericardial 
muscles  in  Limulus. 

Both  parts  of  these  velar  folds  possess  a  supporting  skeleton 
of  muco-cartilage ;  that  in  the  opercular  part  of  the  velnm 
follows  the  opercular  bar  or  the  pseudo-branchial  groove  from 
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the  dorsal  to  the  Tentral  surface.  It  affords,  in  conaection 
with  the  opercular  bar,  yet  another  indication  of  the  double 
nature  of  the  hyoid  or  opercular  segment. 

The  aaterior  portion  is  attached  dorsally  near  the  middle 
line  on  each  side  at  the  level  of  the  so-called  pedicle  of  the 
pterygoid,  and  possesses  a  wedge  of  muco-cartil^e  at  itft 
attachment,  which  arises  from  the  trabecul;e  immediately  in 
front  of  the  pedicle,  close  to  the  place  where  the  metastomal 
nerve  and  the  anterior  tubular  muscles  enter.  It  forms  that 
part  of  the  velar  folds  which  come  together  in  the  middle  line 


Fio.  22. — Ammoctetes  cut  open  in  mid-ventral  line  to  show  position  of  velnm  ; 
Telkr  roldB  removed  on  one  side,  tr,  trabecala  ;  vel,  velum  ;  B,  anterior 
^athio  portion  of  vetum  ;  ps.br.,  psendo- branchial  groove  ;  mt.  muscles  of 
lower  lip  segmeot ;  m,,  muscles  of  thyroid  segment ;  m/g,  insertion  of  tubu- 
lar mnsclee  of  velum  near  thyroid. 

and  close  the  entrance  into  the  respiratory  chamber.  As  is  seen 
in  Qg.  22,  B,  and  was  attempted  to  be  shown  in  fig.  2  ser,  PI.  III., 
Part  III.,  this  most  dorsal  anterior  portion  forms  a  somewhat 
separate  well-defined  rounded  basal  projection,  the  surface  of 
which  is  most  striking  and  suggestive,  for  it  is  markedly 
serrated,  being  covered  over  with  a  large  number  of  closely-set 
projections  or  serne.  The  serration  of  the  surface  here  is  of 
BO  marked  a  character  that  Langerhans '  considered  this  part  of 
the  velar   folds   to  act  as  a  masticating  organ,  grinding  and 

'  P.  LaDgerhane,  "  Urtetsacliungen  tiber  Pclromyixn  pl/ini-ri,"  Strichl,  v.  if. 
VerhanM.  d.  Natiirf.,  aaellicka/t  t.  Freiburg,  1873. 
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raspiug  the  food  and  mud  which  passed  through  this  uorrow 
filit.  In  fact,  Langerhans  supposed  that  this  portion  of  tbe 
velum  acted  in  a  manner  closely  resemhling  the  action  of  the 
gnatho-bases  of  the  prosomatic  appendages  in  Limulns  or  the 
Eurypterida  In  addition  to  this  marked  serrated  edge  tlie 
whole  surface  of  this  anterior  portion  of  the  velum  is  covered 
■over  with  a  scale-like  or  tubercular  pattern  remarkably  like 
the  surface  ornamentation  seen  in  raaay  of  tbe  scorpion  group 
or  the  ancient  Eurypterids.  In  fig.  23  I  give  a  picture  of 
this  surface-marking  of  the  velum.  It  is  striking  to  see  titat 
just  as  in  the  case  of  the  invertebrate  this  marking  and  these 


Fic.  23. — Snrface  view  of  anterior  anrfioe  of  Telom. 

-serrx  are  formed  simply  by  the  cuticular  surface  oC  the 
epithelial  cells;  a  surface  which,  according  to  WolfT,  contains 
•chitin.  The  interpretation  which  I  would  give  of  the  velar 
folds  is  therefore  as  follows: — 

They  represent  the  fused  basal  parts  of  the  opercular  and 
metastomal  appendages,  the  gnatho-bases  of  the  latter  still 
retaining  in  a  reduced  degree  their  rasping  surfaces,  because, 
•owing  to  their  position  on  each  aide  of  the  opening  into  the 
respiratory  chamber,  they  were  still  able  to  manipuUte  the 
iood  as  it  passed  by  them  after  the  closure  of  the  old  mouth. 

The  Teniacitlar  SegmerUa. 

In  front  of  this  segment  of  the  lower  lip  or  metaetoma,  fig.  1, 
Tl.  LVI.,  shows  yet  again  a  bar  of  mueo-cartilage  (sA^),  dividing 
off  another  segment  or  segments,  which  arises,  as  in  the 
other  cases,  from  the  axial  cartilaginous  skeleton ;  also  striated 
muscles  (wii),  belonging  to  the  visceral  group  which  are  in- 
nervated by  the  trigeminal  nerve,  but,  as  already  explained,  oo 
.tubular  muscles.  In  accordance,  therefore,  with  the  interpreta- 
ition  already  given,  these  bars  and  these  muscles  must  indicate 
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^segments  of  the  nature  of  appendages  in  front  of  the  metastomal 
:8egment.    Starting,  as  in  all  cases,  with  the  skeletal  elements,  we 
find  (PI.  LVII.)  that  a  pair  of  large  bars  of  muco-cartilage  (sk^) 
start  from  the  termination  of  the  trabeculse,  and  pass  ventral- 
wards  to  fuse  with  the  muco-cartilaginous  plate  of  the  lower  lip 
•(fig.  2,  PL  LVL).    This  large  bar  forms  the  tentacular  ridge  on 
-each  side,  and  gives  small  projections  of  muco-cartilage  into  each 
tentacle.    In  addition  to  this  tentacular  bar,  a  special  bar  of 
muco-cartilage  exists  for  the  fused  pair  of  median  tentacles,  the 
:8o-called  tongue,  which  extends  in  the  middle  line  along  the 
whole  length  of  the  lower  lip,  being  separated  from  the  muco- 
<sartilaginous  plate  of  the  lower  lip  by  the  muscles  of  the  lower 
lip.     This  tongue  bar  of  muco-cartilage  joins  with  the  muco- 
cartilage  of  the  lower  lip  at  its  junction  with  the  thyroid  plate, 
■and  also  with  the  tentacular  bar  just  before  the  latter  joins  the 
muco-cartilaginous  plate  of  the  lower  lip.     This  arrangement 
of  the  skeletal  tissue  suggests  that  the  pair  of  tentacles  known 
as  the  tongue  stand  in  a  category  apart  from  the  rest  of  the 
tentacles;  a  suggestion  which  is  strongly  confirmed  by  the 
separate  character  of  its  nerve  supply,  for  (fig.  5,  PI.  LVI.)  a 
separate  branch  leaves  the  main  motor  nerve  trunk  to  supply 
the  tongue,  while  the  rest  of  the  tentacles  are  supplied  by  the 
main  branch  to  the  upper  lip. 

In  fig.  5,  PI.  LVI.,  Miss  Alcock  has  drawn  the  distribution  of 
the  trigeminal  nerve  as  traced  by  her  through  a  series  of  sec- 
tions ;  it  arises,  as  is  well  known,  from  two  separate  ganglia,  of 
which  the  foremost  gives  rise  to  a  purely  cutaneous  nerve,  the 
ophthalmic  nerve,  and  the  hindmost  to  three  nerves,  the  most 
posterior  of  which  is  purely  cutaneous,  and  passes  tailwards  over 
the  ventral  branchial  region,  as  shown  in  the  figure ;  the  other 
two  nerves,  both  of  which  contain  motor  fibres,  are  called  by 
Hatschek  the  mandibular  and  maxillary  nerves.  Of  these  the 
former  (met)  has  been  considered ;  the  latter,  the  maxillary  nerve, 
which  constitutes  the  large  portion  of  the  trigeminal,  passes 
forwards  from  the  ganglion,  and  at  a  point  somewhere  about  the 
anterior  region  of  the  eyeball,  divides  into  two,  an  external  and 
an  internal  nerve.  The  external  branch  is  apparently  entirely 
.sensory,  and  supplies  the  external  surfaces  of  the  upper  and 
lower  lips.    The  internal  branch  is  mainly  motor,  and  supplies 
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the  muscles  of  the  upper  lip ;  it  contains  also  the  sensory  nerve» 
of  the  tentacles. 

The  nerve  to  the  median  ventral  tentacle  (t)  or  tongue  leaves^ 
the  internal  division  of  the  maxillary  immediately  after  its 
separation  from  the  external ;  it  runs  ventralwards,  and  at  the 
same  time  passes  internally  till  it  reaches  a  position  betweea 
the  muco-cartilage  and  the  epithelium  lining  the  cavity  of  the 
throat.  It  then  turns,  and  passing  posteriorly  (towards  the  tail) 
to  the  point  where  the  median  ventral  tentacle  is  attached  to 
the  lower  lip,  it  supplies  some  very  rudimentary  looking  muscles 
which  run  from  the  tentacle  to  the  adjoining  surface,  and  no 
doubt  serve  to  move  the  tentacle  from  side  to  side.  A  portion 
of  the  nerve  still  continues  to  run  along  the  side  of  the  median 
ventral  ridge,  as  far  back  as  the  point  where  the  muscles  of  the 
hyoid  segment  pass  round  the  ventral  side  between  the  velum 
and  the  thyroid ;  in  fact  this  small  nerve  passes  along  the  whole 
length  of  the  median  ventral  ridge. 

This  description  shows  that  the  trigeminal  nerve  divides  itself 
into  two  groups :  the  one  represented  grey  in  the  figure,  which 
is  purely  cutaneous  and  sensory,  corresponding,  in  the  main,, 
according  to  the  theory,  to  the  epimeral  nerves  of  limulus ;  the 
other  coloured  red  and  blue,  which  supplies  muscles  belonging 
to  the  visceral  or  splanchnic  muscle  group,  and  contains  also  the 
sensory  nerves  (blue)  to  the  tentacles. 

This  latter  group,  which  is  formed  by  two  distinct  well-defined 
nerves,  viz.,  the  mandibular  and  the  internal  branch  of  the 
maxillary,  corresponds,  according  to  the  theory,  to  the  amalga- 
mated nerves  of  the  prosomatic  appendages,  and  is  clearly 
divisible  into  three  distinct  nerves : — 

1.  The  lower  lip  nerve  or  the  metastomal  nerve  (met). 

2.  The  tongue  nerve  (<). 

3.  The  nerve  (teitt)  to  the  upper  lip  and  tentacles. 

Of  these  three  pairs  of  nerves  the  first  pair  have  been  con- 
sidered a^d  reasons  given  why  they  may  be  looked  upon  a& 
derived  from  the  nerve  to  the  metastomal  appendage.  The 
second  pair  of  nerves  ought,  on  this  theory,  to  have  originally 
supplied  the  pair  of  appendages  immediately  in  front  of  the 
metastoma — that  is,  the  pair  of  ectognaths,  and  therefore  the 
ventral  pair  of  tentacles  known  as  the  tongue  would  represent 
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the  last  remnant  of  these  ectognaths.  Similarly  the  other 
tentacles  would  represent  the  endognaths,  and  therefore  the  third 
pair  of  nerves  would  represent  the  fused  nerves  to  these  concen- 
trated endognaths,  which  in  the  Eurypterids  stand  aloof  from 
the  ectognaths. 

As  we  see,  this  method  of  interpretation  attributes  segmental 
value  to  the  tentacles,  a  conclusion  which  is  opposed  to  the 
general  opinion  of  morphologists,  who  regard  them  as  having  no 
special  morphological  importance,  and  certainly  no  segmental 
value.  On  the  other  hand,  the  importance  of  the  pair  of 
ventral  tentacles,  the  tongue  of  Bathke,  which  lie  in  the  mid 
line  of  the  lower  lip,  has  been  shown  by  Kaensche,  Bujor,  and 
others,  all  of  whom  are  unanimous  in  asserting  that  at  trans- 
formation they  are  converted  into  that  large  and  important 
organ  the  piston  or  tongue  of  the  adult  Petromyzon.  It  is  sup- 
posed that  the  rest  of  the  tentacles  vanish  at  transformation, 
being  absorbed ;  they  appear  to  me  rather  to  take  part  in  the 
formation  of  the  sucking  disc,  so  that  I  am  strongly  inclined  to 
believe  that  the  whole  of  the  remarkable  suctorial  apparatus  of 
Petromyzon  is  derived  from  the  tentacles  of  Ammocoetes ;  in 
other  words,  on  my  view,  a  conversion  of  the  prosomatic  append- 
ages into  a  suctorial  apparatus  takes  place  at  transformation, 
just  as  is  frequently  the  case  among  the  Arthropoda. 

Naturally  we  might  expect  to  find  evidence  as  to  the  seg- 
xnental  value  of  the  tentacles  in  the  arrangement  of  their 
muscles ;  Miss  Alcock  has,  however,  been  unable  to  differentiate 
any  special  musculature  for  the  tentacles  apart  from  that  of  the 
upper  and  lower  lips,  with  the  exception  of  the  rudimentary- 
looking  muscles  belonging  to  the  median  ventral  tentacle, 
already  mentioned ;  at  the  same  time,  it  must  be  remembered 
that  at  transformation  a  very  marked  tongue  musculature,  inner- 
vated by  the  trigeminal  nerve,  makes  its  appearance  and  also 
the  large  muscles  of  the  suctorial  apparatus.  These  muscles 
may  very  possibly  represent  the  intrinsic  muscles  of  the  ten- 
tacles ;  and  until  we  know  what  represents  them  in  the 
Ammocoetes  stage,  it  is  impossible  to  speak  definitely  upon  the 
musculature  of  the  tentacles.  I  feel  strongly  myself  that  the 
arguments  I  am  able  to  bring  forward  in  favour  of  the  conver- 
sion of  the  endognaths  and  ectognaths  into  the  tentacles  of  the 
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Ammocoetes  are  not  as  cogent  and  convincing  as  those  dealing 
with  the  conversion  of  the  metastomal,  opercular,  and  branchial 
appendages,  and  I  feel  that  it  is  necessary  to  know  more  about 
what  takes  place  at  transformation  before  it  is  possible  to  judge 
accurately  of  the  morphological  value  of  the  tentacles.  On  the 
other  hand,  the  discovery  of  Rohon  mentioned  on  page  580,  points 
to  the  existence  in  the  old  Cephalaspids  of  appendages  presum- 
ably tentacular  in  nature  which  were  more  pronounced  than  in 
Ammocoetes. 

Another  difficulty  with  respect  to  the  tentacles  is  the  determina- 
tion of  the  number  of  them,  owing  to  the  fact  that  in  addition 
to  what  may  be  called  well-defined  tentacles  a  large  number  of 
smaller  tactile  projections  are  found  on  the  surface  of  the  upper 
lip,  as  is  seen  in  fig.  2,  PL  III.,  Part  III.    In  the  very  young  con- 
dition 7  or  8  mm.  in  length  it  is  easier  to  make  sure  on  this  point 
At  this  stage  they  may  be  spoken  of  as  arranged  in  two  groups: 
an  anterior  small  group  and  a  posterior  larger  group.    The 
anterior  group  consists  of  a  pair  of  very  small  tentacles  and  a 
very  small  median  tentacle,  all  three  situated  quite  dorsallj  in 
the  front  part  of  the  upper  lip ;  the  posterior  group,  which  i5 
separate  from  the  anterior,  consists  of  five  pairs  of  much  larger 
tentacles,  the  most  ventral  pair  in  the  mid  line  ventrally  on  the 
lower  lip  being  fused  together  to  form  the  large  ventral  median 
tentacle  or  tongue  already  mentioned.    This  pair,  according  to 
Shipley,  is  markedly  larger  than  the  others.    There  are,  there^ 
fore,  five  conspicuous  tentacles  on  each  side,  and  in  front  of  them 
a  smaller  pair  and  a  small  median  dorsal  one.     In  the  verj 
young  condition  the  accessory  projections  above-mentioned  are 
not  present,  or  at  all  events  are  not  conspicuous,  and  also  the 
tentacles  are  markedly  larger  in  comparison  to  the  size  of  the 
animal  than  in  the  older  condition,  where  they  have  distinctly 
dwindled. 

As  shown  in  the  comparison  of  the  sections  (fig.  17)  the 
upper  lip,  in  my  opinion,  is  the  pro-mesosternite,  or  endostoma, 
of  the  Eurypterid ;  it  is  therefore  instructive  to  point  out  the 
change  in  the  relation  of  the  prosoraatic  appendages  to  this 
anterior  sternal  pUte  which  has  taken  place  in  the  Merostomata, 
a  change  which  leads  directly,  in  my  opinion,  to  the  position 
and  innervation  of    the   tentacles  in    Ammocoetes.     We  see. 
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iii^Tdiiig  to  Beechdr^B  reiiettrtihes,  tbat'  the  gnajtbo-bases  or 
stomo-coxal  proceesea  of  tb^^  appendages  in  the  Trilobites  are 
arranged  on  each  side -of  tbd  middle  line  extending  along  the 
Whole  length  of  the'anis&al.  In  Limulu8(fig.  1)  thoy  are  confined 
to  the  prosomatic  region  and  form  a  distinct  line  of  •  attachment 
to  the  anterior  sternal  plate  along  each  side  of  t^  mid  line 
aronnd  and  posteriot  to  the  tnouth  orifice.  Here  we  see  also 
"that  although  considerably  concentrated  the  nerves  to  these 
appendages  arise  from  'the  nervous  system  quite  separately. 
In  Eurypterus  (fig.  S),  as  Holm  has  showui  the  sterno-coxal 
processes  of  the  2nd,  3rd,  4th;  5th  pairs  of  prosomatic  append- 
ages or  endognaths  are  still  more  concentrated  round  the 
olfactory  passage  to  the  mouth,  and,  as  we  have  noticed,  the 
appendages  themselves  dwindle  considerably,  their  main  function 
being  masticatory  and  tactile,  so  that  a  further  stage  of  the 
same  process,  combined  with  the  closure  of  the  mouth  orifice 
and  consequent  abolition  of  the  masticatory  function,  would 
lead  to  four  rudimentary  tactile  appendages  or  tentacles  pro- 
jecting from  the  anterior  sternal  plate  or  upper  lip  on  each  side 
of  the  mid-dorsal  line  just  as  in  Ammocoetes.  Owing  to  their 
concentration  and  dwindling  of  size  they  would  be  no  longer 
innervated  by  four  separate  nerves  but  by  a  single  tentacular 
nerve  with  four  branches,  as  described  by  Hatschek  and  repre- 
sented in  fig.  5,  PI.  LVI.  Another  suggestive  fact  with  respect 
to  the  possible  meaning  of  the  tentacles  is  found  in  Phrynus  and 

allied  genera  in  the  shape  of  tactile  tentacular  projections  on 

.»-  ...       .        ._       ■   

the  promesosternite.  Fig.  24  represents  the  appearance  of 
these.    The  median  projection  (A)  is  most  striking,  and  is  of 

.  special  interest,  as  it  forms  the  striker  of  a  stridula ting  apparatus 
situated  on  the  sterno-coxal  process  of  each  of  the  pedipalps ; 
this  organ  will  be  especially  dealt  with  in  Part  IX.  of  this  series 
of  papers  dealing  with  the  oi^an  of  hearing.  Seeing  that  such 
tactile  projections  do  exist  on  the  promesosternite  of  this 
group  of  animals,  it  is  easy  to  imagine  that  the  mid-dorsal 

.tentacle  of  Ammocoetes  and  those  of  the  upper  lip  itself  may 
have  arisen  as  similar  structures. 

Finally,  the  pair  of  mid-ventral  tentacles,  called  by  Eathke 
the  tongue,  which  are  fused  together  and  attached  to  the  mid 
line  of  the  loWer  lip,  represents^  according  to  the  scheme,  the 
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6th  pair  of  prosomatic  appendages ;  i,e.,  in  the  Earypterids  th^ 
pair  of  large  swimming  appendages  or  ectognaths.  Clearly,  as 
figs.  2  and  3  show,  they  stand  apart  from  the  rest  of  the  reduced 
prosomatic  appendages  in  many  instances;  and  as  Holm  hoB 
shown,  their  coxal  joints  fill  in  the  lateral  space  between  the 
metastoma  and  the  endostoma,  so  that  their  bases  are  attached 
to  the  metastoma  as  well  as  the  endostoma.  In  Ammoooetee 
they  also  stand  apart  from  the  rest  in  that  they  are  larger  and 
are  attached  to  the  mid  line  of  the  lower  lip,  are  innervated  by 
a  branch  of  the  trigeminal  separate  to  that  which  suppli^B  the 
rest  of  the  tentacles,  and  on  transformation  become  converted 


Fig.  24. — Phrynus,  ventral  surface.     A,  striker  of  stridalating  organ, 

into  the  tongue.  In  view  of  the  suggestion  that  the  tongue 
represents  the  ectognaths,  and  the  rest  of  the  tentacles  the  four 
endognaths,  it  is  of  great  interest  to  draw  attention  to  the 
uniform  manner  in  which  the  concentration  of  the  endognathal 
segments  and  the  separateness  of  the  ectognathal  segment  is 
marked  out  by  all  the  separate  factors  which  compose  a  s^ment 
in  Ammocoetes  ;  in  all  cases  a  concentration  of  four  constituents 
followed  by  a  single  one.  We  may  represent  this  in  the  follow- 
ing table. 

To  sum  up,  this  part  of  the  study  of  Ammocoetes  shows  that  the 
whole  front  part  of  the  head  can  be  mapped  out  into  segments 
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serially  homologous  with  those. -in.  the  ^branchial  region,  if  the 
segmental  branchial  unit  be^^lQoked  upon 'as-  a  branchial  ap- 
pendage and  not  as  a  gill  pouch;  .Such  mapping  out  confirmB 
the  conclusions  already  arrived,  at,  that  the  trigeminal  nerve 
was  originally  not^a  single  nerve,  but,  as  far  as  the  splanchnie 
part  is  concerned,  was  niade  up  of  the  nerves  to  the  prosomatic 
appendages,  and  that  at  the  time  when  the  old  mouth  was 
closed  an  accessory  oral  chamber  already  existed  owing  to  the 
presence  of  the  metastoma ;  this  chamber  was  finally  put  into 
communication  with  the  branchial  chamber  by  the  breaking 
down  of  the  basal  part  of  the  conjoined  metastoma  and  operculum, 
which  formed  a  septum  between  the  prosomatic  chamber  and 
the  branchio-genital  chamber  described  in  Part  lY.  of  this 
series  of  papers.  We  may  conclude  that  in  some  such  method 
the  communication  was  effected  phylogenetically,  because  such 
a  breaking  down  of  the  septum  does  actually  occur  in  the 
ontogeny. 

As  this  Part  VII.  of  this  series  of  papers  concludes  the 
discussion  of  the  meaning  of  all  the  segmiental  cranial  nerves 
with  the  exception  of  the  Ylllth,  the  nature  of  which  I  will 
consider  in  a  separate  part,  it  will  be  convenient  here  to  redeem 
my  promise  given  in  Part  II.,  and  by  meana  of  a  table  show 
what,  in  my  opinion,  is  the  segmental  position  of  the  glosso- 
pharyngeal nerve.    (See  next  page.) 

I  have  also  stated  that  in  every  part  of  this  discussion  I  will 
consider  whether  my  theoretical  conclusions  are  in  accordance 
with  the  six  principles  laid  down  in  Part  I.  In  the  course  of 
the  discussion  given  in  Parts  III.,  IV.,  V.,  VI.,  and  VII.,  I  have 
already  incidentally  taken  theee  principles  more  or  less  into 
consideration.  I  propose,  however,  after  the  auditory  and  optic 
nerves  have  been  discussed,  to  sum  up,  in  the  light  of  these  six 
principles,  my  views  of  the  origin  of  the  cranial  nerves  as  a 
whole. 
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PaBT  VIII. — ^ThE  PALiEONTOLOGICAL  EVIDENCE:  AmMOCKETKS  A 

Cep^aiLaspid. 

So  tawch  for  the  evidence  of  prosomatic  appendages  in 
Ammocoetes,  the  skeletal  supports  of  which  were  in  connection 
with  the  axial  skeleton,  i.e.,  with  the  trabeculse  and  parachordals. 
With  the  consideration  of  these  cartilaginous  and  muco-carti- 
laginous  plates  and  bars,  our  search  after  primitive  skeletal 
structures  in  Ammocoetes  does  not  terminate,  for  Ammocoetes 
possesses  in  addition  a  plate  of  muco-cartilage  over  the  head 
region,  which,  together  with  the  ventral  lower  lip  and  thyroid  plates, 
forms  a  skeletal  covering  to  the  front  part  of  the  head.  This 
external  muco-cartilaginous  covering  of  Ammocoetes,  which,  in 
contradistinction  to  the  ordinary  vertebrate  skeleton,  may  be 
spoken  of  as  an  external  skeleton,  is  of  the  utmost  importance^ 
for,  as  we  shall  see,  it  represents  the  last  trace  of  the  external 
skeletal  head  covering  so  characteristic  of  the  earliest  fishes. 

As  already  mentioned  in  Part  11.^  of  this  series  of  papers,  I 
sent  in  an  account  of  the  distribution  of  the  plates  of  muco- 
cartilage  in  Ammocoetes  to  the  Quarterly  Joii/rrwl  of  Micro- 
[scopical  Science  in  1895 — ^which  was  never  published — an  account 
which  was  confirmatory  of  the  work  of  Schneider  and  Xaensche, 
and  was  absolutely  in  agreement  with  the  more  elaborate  papar 
iof  Schaffer  *  published  in  1896.  In  addition,  however,  to  the  well- 
known  plates  of  muco-cartilage  which  form  ventrally  the  plate 
.over  the  lower  lip  and  thyroid  (Schafier's  Mundrachenhohlen- 
platte),  and  dorsally  the  plate  of  the  upper  lip,  I  gave  my  reasons 
in  that  paper  why  I  considered  that  the  whole  branchial  region 
was  originally  covered  with  dorsal  and  ventral  j)late8  of  muco- 
cartilage,  except  along  the  lateral  groove  which  contains  the  gill 
slits.     The  eviden^Q  is  as  follows : — 

The  somatic  muscles  of  Ammocoetes  form  a  continuous  longi- 
tudinal sheet  of  muscles  along  the  length  of  the  body,  which  are 
divided  up  by  connective-tissue  bands  into  a  series  of  imperfect 
segments  or  myotomes ;  this  simple  muscular  sheet  can  be  sepa- 
rated off  along  the  whole  of  the  head  region  of  the  animal,  with 

^  This  Journal,  vol.  xxxii.  pp.  569-561. 

"  Zeiischriftf,  wissms,  ZooL,  Bd.  61,  1896,  p.  606. 
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the  exception  of  the  most  anterior  part,  without  interfering  with 
the  attachments  or  arrangements  of  the  splanchnic  muscular 
systeiii  in  the  least  The  reason  why  this  separation  can  be  so 
easily  effected  is  to  be  found  in  the  fact  that  the  two  sets  of 
muscles  are  not  attached  to  the  same  fascia.  The  sheet  of 
fascia  to  which  the  somatic  muscles  are'  attached  is  separated  from 
the  fascia  which  encloses  the  branchial  cavity  by  a  space  (see  PL 
III.  in  Part  III.)  filled  with  blood-spaces  and  cells  containing 
fat,  in  which  space  is  also  situated  the  cartilaginous  branchial 
basket-work.  These  branchial  bars  are  closely  connected  with 
the  branchial  sheet  of  fascia,  and  have  no  connection  with  the 
somatic  fascia,  their  perichondrium  forming  part  of  the  former 
sheet  Upon  examination,  this  space  is  seen  to  be  mainly 
vascular,  the  blood  spaces  being  large  and  frequently  marked 
with  pigment;  but  it  also  possesses  a  tissue  of  its  own,  recognised 
as  fat  tissue  by  all  observers.  The  peculiarity  of  the  cells  of  this 
tissue  is  their  arrangement ;  they  are  elongated  cells  arranged  at 
right  angles  to  the  plates  of  fascia,  just  as  the  fibres  of  the  muco- 
cartilage  are  largely  arranged  at  right  angles  to  their  limiting 
plates  of  perichondrium.  These  cells  do  not  necessarily  contain 
fat ;  and  when  they  do,  the  fat  is  found  in  the  centre  of  each  cell, 
and  does  not  push  the  protoplasm  of  the  cell  to  the  periphery, 
as  in  ordinary  fat  cells. 

In  fig.  25,  B,  I  give  a  specimen  of  this  tissue  stained  by  osmic 
acid ;  in  fig.  25,  A,  I  give  a  drawing  of  ordinary  muco-cartilage 
taken  from  the  plate  of  the  lower  lip ;  and  in  fig.  26,  A,  a  modifi- 
cation of  the  muco-cartilage  taken  from  the  velum,  which  shows 
the  formation  of  a  tissue  intermediate  between  ordinary  muco- 
cartilage  and  this  branchial  fat  tissue. 

Further,  in  fully-grown  specimens  of  Ammocoetes,  in  the 
region  of  undoubted  muco-cartilage,  a  fatty  degeneration  of  the 
cells  frequently  appears,  together  with  an  increase  in  the  blood- 
sx>ace8, — the  precursor,  in  fact,  of  the  great  change  which  over- 
takes this  tissue  soon  afterwards,  at  the  time  of  transforma- 
tion, when  it  is  invaded  by  blood,  and  swept  away,  except  in 
those  places  where  new  cartilage  is  formed.  I  conclude,  then, 
that  the  tissue  of  this  vascular  space  was  originally  muco- 
cartilage,  which  has  degenerated  during  the  life  of  the  Ammo- 
coetes.   The  fact  that  in  most  cases  undoubted  muco-cartili^e 
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iB  te  be  tomid  here  and  there  in  tiua  9pace,  U  strot^  coii£ims< 
tion  of  the  truth  of  tht^  coEcInsioii. 

If  this  concluffloD  k  a  just  one,  we  may  expect  that  it  would 
be  coBfirt&ed  by  the  embryol<^oal  histoiy  of  the  tissue,  and  we 
ought  to  find  that  in  much  younger  stages  a  homogeneous  tiesne 
of  the  same  nature  as  muco-cartilage  fills  up  the  spaces  in  the 
branchial  region,  where  in  the  Ammoccsbea  only  blood  and  Eat- 


F[Q.  25,  A.— Maca-cu'tilageoriowerlip(ilfe);  ni.iA.,miuels  of  lower  lip;  m-Mi., 
•omfttic  rouicle ;  Cor.,  Umiiiatad  layer  of  akin. 
B. — Dageuented  maco-onrtilage  of  bnnchial  ragion,     F,  bt  U}w; 
P>  pigment;  Bl,  blood  ipace;  N,  Bomitic  necre;  nt.br.,  bnnobUl  miuclci 
m.tm.,  lomstic  mtucle. 

containing  cells  are  present.  For  this  purpose  Shipley  kindlj 
allowed  me  to  examine  his  series  of  sections  through  the  embiTO 
at  various  ages.  These  specimens  are  very  instructive,  especiall; 
those  stained  by  oemic  acid,  which  preserves  the  natural  thick- 
neea  of  this  space  better  than  other  stainii^  methoda    At  ao 
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i^  when  the  branchial  cartibges  are  eeeia'fo  be  forlceil,'  ^eii' 
no  fat  cells  are  preseot,  a  diBtinctive  tissue  (Eg.  26,'6)  is  plainly. 
risible  in  the  relujn  and  at  the  base  of  the  tentacles,  in  the  very 
position  where  in  the  more  advanced  Aminoocetes  muoo-cartilage 
emts.  Taking,  then,  this  tissue  as  our  guide,  the  specimens 
Bhow  that  the  apace  between  the  skin  and  the  viaceral  njuaeles 
in  which  the  cartilaginous  basket-work  lies  ifl  filled  with  a 
aimilar  materiaL  At  this  sti^  a  sheet  of  embryonic  tissue 
occupies  the  position  where,  later  on,  blood  spaces  and  fat  cells 


Fjo.  26,  A. — Unco-oartiUge  of  velaia. 

B.— EiiibtfODic  maco-iartilage  of  tentacular  bar. 

«re  found,  and  this  tissue  resembles  that  seen  in  the  velum  and 
other  places  where  muco-cartili^  is  afterwards  found. 

I  conclude,  therefore,  that  originally  the  branchial  or  mesoso- 
matic  r^on  was  covered  with  a  dorsal  plate  of  muco-cartilage, 
which  carried  on  its  under  surface  the  dorsal  part  of  the  bran- 
chial basket-work,  and  sprai^  from  the  central  core  of  skeleto- 
genons  tissue  around  the  notochord;  this  plate  was  separated 
from  the  plate  which  covered  this  region  ventrally  by  the  lateral 
groove  in  which  the  gill-slits  are  situated.  The  ventral  plate 
carried  on  its  under  surface  the  ventral  part  of  the  branchial 
basket-work,  and  was  originally  continuous  with  the  plate  over 
the  thyroid  gland. 

In  the  figures  on  Fl.  LVII.  the  head  skeleton  of  Ammocoates  is 
represented  from  the  dorsal,  ventral,  and  lateral  aspects.  The 
muco-cartilf^  is  coloured  red,  the  branchial  or  soft  cartilf^e  blue, 
and  Uie  hard  cartilage  purple.  -  The  d^nerated  muco-cartUage 
of  the  branchial  r^on  is  represented  as  an  imcoloured  plate, 
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on  which  the  branehiAl  haaket-work  stands  in  lelief.  If  it  were 
restored  to  Us  original  condition  of  maco-cartilage,  it  would 
represent  a  nniform  plate,  on  the  unier  surface  dt  which  the 
basket-work  would  be  situated ;  and  if  it  were  calcified  and  made 
solid,  the  branchial  basket-work  would  not  show  at  all  in  these 
figures. 

Is  it  possible  to  find  the  reason  why  this  skeletal  covering  has 
degenerated  so  early  before  transfoimation,  and  why  the  thyroid 
plate  is  left  good  until  transformation  ?  We  see  that  all  that 
part  which  has  d^nerated  is  covered  over  by  the  somatic 
muscles, — by,  in  fact,  muscles  which,  being  innervated  by  the  fore- 
most spinal  nerves,  belong  naturally  to  the  r^on  immediately 
following  the  branchiaL  I  suggest,  therefore,  that  the  original 
skeletal  covering  of  muco-cartilage  has  remained  intact  only 
where  it  has  not  been  invaded  and  covered  over  by  somatic 
muscles,  but  has  been  invaded  by  blood  and  undergone  the  same 
kind  of  degenerative  change  as  overtakes  the  great  mass  of  this 
tissue  at  transformation  wherever  the  somatic  muscles  have  over- 
grown it 

The  covering  somatic  muscles  in  the  branchial  region  form  a 
dorsal  and  ventral  group,  of  which  the  latter  is  formed  in  the 
embryo  much  later  than  the  former,  the  line  of  separation 
between  the  two  groups  being  the  lateral  groove,  with  its 
row  of  branchial  openings.  This  groove  ends  at  the  first  branchial 
opening,  but  the  ventral  and  dorsal  somatic  muscles  continQe 
further.  It  is  instructive  to  see  that,  although  the  lateral  grove 
terminates,  the  separation  between  the  two  groups' of  muscles  is 
still  marked  out  by  a  ridge  of  muco-cartilage  (represented  in  fig.  a. 
Pi.  LVII.)  which  terminates  anteriorly  in  the  opercular  bar. 

Passing  now  to  the  prosomatic  r^on,  we  find  that  here,  too, 
the  muco-cartilaginous  external  covering  is  divisible  into  a  donal 
and  a  ventral  head  plate,  the  ventral  head  plate  being  the  plate 
of  the  lower  lip,  and  the  dorsal  head  plate  the  plate  of  muco- 
cartilage  over  the  front  part  of  the  head. 

The  staining  reaction  with  thionin  maps  out  this  dorsal  head 
plate  in  a  most  beautiful  manner,  and  shows  that  the  whole  of 
the  upper  lip  region  in  front  of  the  nasal  orifice  is  one  large  plate 
of  muco-cartilage,  obscured  largely  by  the  invasion  of  the  cross- 
ing muscles  of  the  upper  lip,  but  left  pure  and  uninvaded  aU 
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around  the  nasal  orifice,  and  where  the  upper  and  lower  lips  come 
together.  In  addition  to  this  foremost  plate,  a  median  tongue 
of  muco-cartilage  covers  over  the  pineal  eye  and  fills  up  the 
median  depression  between  the  two  median  dorsal  somatic 
musclea  Also,  two  lateral  cornua  pass  caudalwards  from  the 
main  frontal  mass  of  muco-cartilage  over  the  lateral  eyes,  forming 
the  well  known  wedge  which  separates  the  dorsal  and  lateral  por-> 
tions(m^,  mZ,  fig.  3,  PI.  LVI.)  of  the  dorso-lateral  somatic  muscle. 

In  fact,  similarly  to  what  we  find  in  the  branchial  region,  the 
muco-cartilaginous  covering  can  be  traced  with  greater  or  less 
completeness  only  in  those  parts  which  are  not  covered  by 
somatic  muscles.  In  the  intact  Ammocoetes,  as  seen  in  fig  3, 
PL  LVI.,  representing  the  dorsal  r^on  of  the  front  part  of  the 
head,  the  dorsal  muco-cartilaginous  plate,  with  its  two  cornua 
extending  over  the  lateral  eyes,  and  its  median  tongue  covering 
over  the  brain  and  pineal  eyes,  is  distinctly  visible  by  its  trans- 
lucent appearance,  in  contradistinction  to  the  opacity  of  the  parts 
covered  over  by  the  somatic  musclea 

In  the  figures  on  PI.  LVII.  this  striking  muco-cartilaginous 
head  shield,  both  dorsal  and  ventral,  is  shown.  Seeing  that  the 
upper  lip  wraps  round  the  lower  one  on  each  side,  and  that  this 
most  ventral  edge  of  the  upper  lip  contains  muco-cartilage,  as  is 
seen  in  fig.  2,  PL  LVI.,  strictly  speaking  the  dorsal  head  shield 
of  muco-cartilage  ought  to  extend  more  ventrally  in  the  drawings. 
I  have  cut  it  short  in  order  not  to  interfere  with  the  representa- 
tion of  the  lower  Up  and  tentacular  muco-cartilage& 

From  what  has  been  said,  it  follows  that  the  past  history  of 
the  skeletal  covering  of  the  whole  head  r^on  of  Ammocoetes, 
both  frontal  and  occipital,  can  be  conjectured  by  means  of  the 
ontogenetic  history  of  the  foremost  myomerea 

Dohrn  ^  and  all  other  observers  are  agreed  that  during  the 
development  of  the  animal  a  striking  forward  growth  of  the 
foremost  somatic  myomeres  takes  place,  so  that,  as  Dohrn 
puts  it,  the  body  musculature  has  extended  forwards  over  the 
gill  r^on,  and  at  the  same  time  the  gill  region  has  extended 
backwards.  It  is  therefore  probable  that  in  the  ancestral  form 
the  myotomes,  innervated  by  the  first  spinal  nerves,  immediately 
succeeded  the  branchial  regioa     Judging  from  Anmiocoetes,  the 

^  See  Furbringer,  op.  cit,,  p.  592. 
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forward  growth  was  at  first  confined  to  the  dorsal  region,  invadei 
therefore  the  dorsal  head  plate,  the  ventral  musculature  being  dis- 
tinctly a  later  growth.  With  respect  to  this  dorsal  part  of  the 
myotomes,  the  first  myotome  is  originally  situated  some  distance 
behind  the  auditory  capsule,  and  then  grows  forward  towards  the 
nasal  opening ;  the  lateral  part,  according  to  Hatschek,  grows  for- 
ward more  quickly  than  the  dorsal  part,  and  splits  itself  above  and 
below  the  eye  into  a  dorsal-lateral  part  (m  d,  fig  3,  PL  LVL),  which 
extends  up  to  the  olfactory  capsule,  and  a  ventro-lateral  part 
(mZ,  fig.  3,  PI.  LVI.)  (m.  lateralis  capitis  anterior  superior,  and 
inferior),  thus  giving  rise  to  the  characteristic  appearance  of  the 
muco-cartilaginous  head  shield  of  Aminoccetes. 

If,  then,  the  somatic  longitudinal  muscles  supplied  by  the 
uppermost  spinal  nerves  originally  were  situated  immediately 
posterior  to  the  r^on  of  the  vagus  nerves,  the  Ammocoetean 
animal  would  possess  an  external  dorsal  plate  of  muco-cartikge 
covering  over  the  whole  of  the  branchial  and  trigeminal  region,, 
and  a  ventral  plate  covering  the  branchial  and  thyroid  r^on 
and  the  lower  lip.  These  two  plates  would  be  separated  from, 
each  other  by  the  lateral  groove  in  which  the  gill  openings  are- 
found.  The  dorsal  aspect  of  the  head  shield  of  such  an  animal 
would  be  fairly  represented  by  fig.  10.  If,  further,  the  mucoid 
colloidal  substance  which  forms  the  ground  substance  of  mueo- 
cartilage  became  calcified,  then  this  modification  of  Ammocoetea 
would  be  enclosed  in  a  hard  dorsal  and  ventral  head  shield, 
resembling  closely  that  of  Tremataspis  or  Didymaspis.  Further, 
the  whole  animal  would  take  the  appearance  represented  by  fig. 
27,  which  is  a  slight  modification  of  Eohon's  figure  of  a  restored 


Fig.  27.— Restoration  of  Tremataspis  (after  Rohon,  slightly  modified). 

Tremataspis,  in  which  the  spinal  skeleton  is  formed  by  the  calcifi- 
cation of  the  massive  connective  tissue  between  the  myotomes — 
the  myo-commata — thus  giving  rise  to  an  aponeurotic  body 
skeleton  exactly  similar  to  that  found  in  these  old  forms.  In 
such  an  animal  rapidity  and  freedom  of  movement  would  l)e 
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small  it  as  was  the  case  in  m&ny  fonuB  (eee  fig.  29),  the  bod7 
r^ion  was  short;  and,  as  already  stated,  the  embiyolcgical 
hietoty  of  Ammocoetes  shows  how  greater  mobility  and  freedom 
of  movement  was  attained  by  the  forward  growth  of  the  fore- 
most myotomes  over  the  craoial  region  between  the  outer  skin 


Fio.  28,  A.— DorMl  h«ftd  shield  of  C«{Ab1s^  {fram  UnkNtw]. 
B. — Donal  headtbiddof  E6iaspu(I^piD  Lutkeater). 

and  the  muco-eartilaginous  skeleton.  Such  a  growth  would  be  a 
gradual  one,  and,  judging  from  AnmiocceteS,  would  extend  in  the 
first  instance  laterally,  and  thus  would  give  rise  to  a  head  shield 
of  the' type  of  AuchenaspiS  (Thyestes),    The  ftother  growth  of 


Flo,  S9.— Auolien»spM  (TLyaBtei)  Terruoosns,  natural  siM  (from  Woodward). 

the  foremost  myotomes  would  reduce  more  and  more  the  skeleton 
covering  the  branchial  region,  and  more  and  more  confine  the 
head  shield  to  the  region  of  the  trigeminal  nerve,  and  we  should 
get  the  various  types  of  the  Cephalaspidffi  from  Cephalaspis  to 
Eukeraspis.     Finally,  in  the  fully  developed  Ammoctetes,  the 
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dorsal  mjrotomes  reach  up  to  the  nasal  orifice,  and  the  dorsal 
head  shield  of  muco-cartilage  has  shrunk  to  the  dimensionB  seen 
in  Ainmoc(Bte&  Even  then  the  same  process  continues,  the 
somatic  muscles  extend  still  further  forwards,  when  transforma- 
tion takes  place;  but  now,  with  the  formation  of  the  cartila- 
ginous cranium  efficiently  protecting  the  brain  r^on,  all  muco- 
cartilage  disappears,  and  all  that  remains  of  the  ventral  and 
dorsal  head  plates  of  the  Cephalaspidae  is  to  be  found  in  some 
portions  of  the  cartilaginous  skeleton  of  the  adult  Petromyzoa 

Such,  then,  is  the  significance  of  these  muco-cartilaginous 
head  plates  which  suggests  itself  by  the  study  of  Ammocoetes 
alone.  The  time  has  therefore  come  to  consider  the  palseonto- 
logical  evidence,  and  to  see  whether  it  is  in  conformity  with  the 
conclusion  deduced  from  the  study  of  Ammocoetes  alona 

The  oldest  known  fishes  belong  to  a  large  group  of  strange  forms 
which  inhabited  the  Silurian  and  Devonian  seas,  classed  together 
by  Smith  Woodward  under  the  name  of  Ostracodermi.  These 
are  divided  into  three  orders: — 1,  the  Heterostraci,  including 
one  family,  the  Pteraspidse,  to  which  Pteraspis  ai^d  Cyathaspis 
belong ;  2 ,  the  Osteostraci,  divisible  into  two  families,  the  Gephal- 
aspidae  and  Tremataspidae,  which  include  Cephalaspis,  Eukeraspis, 
Auchenaspis  or  Thyestes,  and  Tremataspis ;  and  3,  the  Antiarcha, 
with  one  family,the Astrolepidae,i|icluding Astrolepis,Pterichthy8, 
and  Bothriolepis.  Of  these  the  first  two  orders  belong  to  the 
Upper  Silurian,  while  the  third  is  Devonian. 

Of  these  three  orders  the  HJBterostraci  and  Osteostraci  are 
the  oldest,  and  among  them  the  Cephalaspidae  have  afforded  the 
most  numerous  and  best  worked-out  specimens.  At  Bootzikiill, 
in  the  island  of  Oesel,  the  form  known  as  Thyutes  (Atuihmaspu) 
verrucoms  is  especially  plentiful,  being  found  thickly  massed  in 
among  the  masses  of  Eurypterid  remains,  which  give  the  name 
to  the  deposit  Of  late  years  this  species  has  been  especially 
worked  at  by  Rohon,  and  many  beautiful  specimens  figured  by 
him,  so  that  a  considerable  advance  has  been  made  in  our 
knowledge  of  this  form  since  Pander,  Eichwald,  Huxley,  Lan- 
kester,  and  Schmidt  studied  these  most  interesting  primitive 
forms. 

All  observers  agree  that  the  head  region  of  these  fishes  was 
covered  by  a  dorsal  and  ventral  head  shield,  while  the  body 


ON  THB  OaXOm  OF  YBBTSBRATES.  671 

r^on  was  in  most  cases  uoknown,  or,  as  in  Eichwald's  specimen, 
^nd  in  the  specimens  figured  in  Laukester  and  Smith  Woodw^d's 
memoirs,  was  made  up  of  segments  which  were  not  vertebral  in 
character,  but  formed  an  aponeurotic  skeleton,  being  the  hardened 
aponeuroses  between  the  body  musclea  This  body  skeleton, 
which  possesses  its  exact  counterpart  in  Ammocoetes,  will  be  con- 
sidered more  fully  when  I  discuss  the  origin  of  the  spinal  region 
of  the  vertebrate. 

Of  the  two  head  shields,  ventral  and  dorsal,  the  latter  is  best 
known  and  characterises  the  group.  It  consists  of  a  dorsal 
plate,  witli  characteristic  horns,  which  in  Thyestes  verrtccoma 
(fig.  9),  as  described  by  Bohon,  is  composed  of  two  parts,  a  frontal 
part  and  an  occipital  part  (occ,),  the  occipital  part  being  composed 
of  segments,  and  possessing  a  median  ridge,  the  crista  occipitalis. 
In  Lankester's  memoir  and  in  Smith  Woodward's  catalogue,  a 
large  number  of  known  forms  are  described  and  delineated,  and 
we  may  perhaps  say  that  in  some  of  the  forms,  such  as  Euker- 
aspis  pudvliferua  (fig.  28,  B),  the  frontal  part  of  the  shield  only  is 
capable  of  preservation  as  a  fossil,  while  in  Gephalaspis  (fig.  28,  A) 
not  only  the  frontal  part  but  a  portion  of  the  occipital  region  is 
preserved,  the  latter  being  small  in  extent  when  compared  with 
the  occipital  region  of  Auchenaspis  (Thyestes).  Finally,  in 
Tremataspis  and  Didymaaipis  the  whole  of  both  frontal  and 
occipital  region  is  capable  of  preservation,  the  line  of  demarca- 
tion between  these  two  regions  being  well  marked  in  the  latter 
species.  The  specimens  of  Cepbakapis  in  the  British  Museum,^ 
in  which  the  body  skeleton  and  head  shield  are  preserved  in 
continuity,  show  how  the  former  merges  into  the  latter,  and 
give  strongly  the  impression  of  an  invasion  of  the  occipital  part 
of  the  head  shield  by  the  aponeurotic  spinal  skeleton ;  an  in- 
vasion, t.e.,  as  already  suggested,  of  the  head  plate  over  the 
branchial  region  by  the  intrusive  foremost  spinal  myomeres. 

Lankester,  in  his  monograph  of  the  Ceplialaspidse,  gives  ^  the 
following  restored  outline  sketch  (fig.  28,  A)  of  the  head  shield  of 
JEucephalaapis  Agassizii  as  typical  of  the  group,  with  the  follow- 
ing description : — "  Between  the  orbits  is  a  well-marked  tubercle, 
which  I  call  the  interorbital  promi/ttenee  (ip.).     In  front  of  each 

1  Smith  Woodward,  Catalogue  of  Fossil  Fishes,  Part  II.,  PI.  X.,  %  1. 
'^  Op,  cU.,  p.  87. 
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orbit  the  material  of  the  test  is  also  raised  into  a  projecting 
mass,  which  is  to  be  called  the  antorbital  prominence  (a.  pX 
Between  the  two  antorbital  promin,enees  is  a  very  deep  depression 
of  the  shield,  divided  beneath  the  superficial  lamina  into  two 
parts  by  «  narrow  septum  continued  from  the  inierorhiial  prO' 
minence,  which  is  hollow.  The  two  cavities  thus  formed  are  the 
antorbital  fossae  (a.  /.)."  This  very  deep  depression  Lankester  con- 
siders to  be  the  olfactory  cavity,  and  he  lays  special  stress  on  its 
double  appearance,  and  indeed  says^  that  the  Cephalaspidian  fishes 
"  disclose,  upon  careful  examination,  points  of  structure,  such  as 
the  double  olfactory  cavities  and  the  pectoral  appendages,  which 
place  them  very  far  above  some  living  Vertebrata  (Lampreys) 
classed  as  fishea"  Smith  Woodward,'  speaking  of  Antiarcha  and 
the  Osteostraci,  does  not  recognise  any  narial  openings  in  either 
case.  He  says : — "  In  the  absence  of  narial  openings  in  the  cranial 
shield,  both  types  also  agree,  and  the  olfactory  organ,  if  present, 
must  thus  have  retained  its  embryonic  situation  on  the  ventral 
aspect  immediately  in  front  of  the  mouth."  In  this  respect  he 
does  not  accept  Lankester's  evidence  of  the  high  position  of  these 
fishes;  and  with  respect  to  Lankester's  proof  of  the  pectoral 
appendages  in  Cephalaspis,  he  says  they  are  not  fins  at  all,  but 
"  it  now  appears,  however,  that  the  structures  are  merely  a  por- 
tion of  the  shield  itself,  divested  of  the  outer  and  inner  layers  to 
ensure  flexibility." 

The  frontal  part  of  the  dorsal  head  plate  carried,  according  to 
Rohon  (fig.  9),  the  two  orbits  for  the  lateral  eyes  (I.e.),  a  marked 
frontal  organ  (/ro.),  and  a  median  depression  (ffL\  to  which  he 
gives  the  name  parietal  organ.  The  occipital  part  (occ.)  was 
clearly  segmented,  and  carried,  he  thinks,  the  branchise.  A 
similar  organ  to  the  frontal  organ  of  Thyestes  was  described  by 
Schmidt  in  Tremataspis,  and  considered  by  him  to  be  a  median 
nose.  I  reproduce  Rohon's  figure  of  its  appearance  in  Thyestes 
(fig.  30) ;  he  describes  it  as  a  deeply  sunk  pit,  divided  in  the 
middle  by  a  slit,  which  leads  deeper  in,  he  supposes  towards  the 
central  nervous  system.  This  median  frontal  nose  and  the  two 
lateral  eyes  near  the  middle  line  are  the  well-marked  character- 
istic of  the  whole  of  this  group  of  fishes. 

Clearly  enough,  Eohon's  frontal  organ  is  the  same  as  Lan^ 

^  Op.  cit.j  p.  61.  *  Op.cit.,  Introduction,  p.  xix. 


ON  TEE  OBIOIK  OF  VSRTEBBATES.  573 

kester's  double  olfactory  cavitiee ;  and  the  apparent  dificrepancy 
in  the  deschptiou  of  the  two  observers  is  cleared  up  immediately 
by  comparing  the  two  drawiuga  with  the  corresponding  atructure 
in  AmmocGete&  As  we  see,  %.  3,  PI.  LVI.,  representing  a 
surface  view  of  the  nasal  orifice,  is  almost  ideutioal  with  Bohon's 
figure.  If,  now,  the  somatic  muscles  be  removed,  and  the  super- 
ficial parts  of  the  nasal  orifice  and  the  neighbouring  cranial  walls 
be  removed,  the  appearance  thus  produced  is  given  in  fig.  31,  in 
which  the  nasal  orifice  now  appears  to  be  double,  being  divided 
-  partly  l:^  a  septum,  the  whole  appearance  resembling  most  closely 
Lankester's  picture.  This  appearance  of  a  septum  is  due  partly 
to  the  configuration  of  the  nasal  tube,  bending  as  it  does  abruptly 
backwards,  partly  to  the  resistant  character  of  the  conjoined 


Fio.  30. — Narial  opeDing  and  l«ter*l  ocbita  of  ThyoitM  verrnconB  (from  Bohon). 

ssue  of  the  cranial  wall  and  nasal  cartilage.  It  is  suggestive 
that  Lankester  himself  says  that  the  narrow  septum  divides  the 
deep  depression  into  two  parts  beneath  the  auperfidal  lamina,  as 
though  the  superficial  parts  had  to  be  removed  in  order  to  obtain 
this  appearance. 

Such  a  description  is  absolutely  compatible  with  the  actual 
condition  in  Ammoccetes,  and  we  see  how  closely  his  description 
agrees  with  the  actual  arrangement  of  parte  of  Ammoccetes. 
His  antorbital  prominence  (a~p.)  is  the  semi-annular  termination 
of  the  nasal  cartilage  (see  fig.  4,  PI.  LVI.,  and  C,  PI.  LVII.), 
which  would  stand  out  if  the  soft  parts  were  removed;  his 
antorbital  fosste  (a/.)  are  the  nasal  tube,  and  his  inter-orbital 
prominence  {i.p.)  is  the  pineal  eye  (c.e.). 

When  Bohon  speaks  of  the  post-orbital  median  depression  as 
the  parietal  organ,  he  clearly  does  not  really  mean  that  this  space 
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was  all  taken  up  1^  the  median  eyes;  it  is  rather  that  themediaii 
eyes  were  in  this  space.  The  Bpaoe  itself  clearly  enoo^  rtpre- 
sents  the  position  of  the  fore  part  of  the  cranium,  as  will  be 
demonstrated  later  on. 

Itohon'B  specimens  and  those  described  by  Lankester  and  Smith 
Woodward  all  receive  a  complete  explanation  from  the  study  d 
Ammocoetes,  for  we  see  that  these  fossil  head  shields  are  neither 
more  nor  loss  than  the  muco-cartilaginous  head  shield  of  Ammo- 
coetes, as  already  indicated.  If  we  restored  the  muoo-ewlilage 
of  the  branchial  region,  we  ediould  have,  in  the  first  place,  Tie- 


Fio.  31. — Head  or  AmmococtB't ;  most  dors*]  Uyera  removed  to  sbon-  tlie  ipptu^ 
aiic«  of  the  oiractory  tube  rta  and  Ita  poeition  with  raapect  to  the  cnoitl 
ivbIIb,  the  raedisD  eym  ee,  and  the  lateral  e;ee  It. 

mataepis  or  Didymaapis,  followed  by  Auchenaspis ;  if  we  leaie  it 
as  it  is,  we  have  Eukeraspia  The  intermediate  stages  sbowD  in 
the  Cephalaapidse,  between  the  extreme  forms  of  Auchenaspie  and 
Eukeraapia,  are  simple  indications  of  the  extent  of  the  forwwd 
growth  of  the  somatic  muscle,  with  the  corresponding  increase  rf 
mobility  in  the  fish.  The  Ammocoetes  shows  how  the  immobile 
armour  plate  of  the  original  Eurypterid-like  fish  eaccumbed  to 
the  forward  growth  over  it  of  the  spinal  muBOuJatore,  and  » 
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led.  to  the  freer  and  more  mobile  form  of  the  rapidly  moving 
Ammocoetea 

-  The  ventral  head  plate  was  clearly  the  ventral  mneo-oartila- 
ginons  plate  of  Ammocoetes ;  there  were  no  jaws,  no  teeth,  but 
in  all  probability  a  flexible  npper  and  lower  lip  of  the  Ammo* 
coetean  type.  The  final  evidence  that  such  was  the  case,  and  that 
the  Ammocoetes  is  in  reality  a  slightly  modified  Gephalaspid,  is 
seen  in  the  identity  of  structure  between  the  muco-cartilage  and 
these  fossil  so-called  bony  shields. 

-  I  will  not  attempt  here  to  discuss  in  detail  the  nature  of  the 
structure  of  the  head  shields  of  the  Pteraspids  and  of  the  Cephal- 
aspids ;  it  is  sufficient  to  state  that  the  former  are  characterised 
by  the  regularity  of  the  lamination  of  their  layers,  in  which  no 
sign  of  bone  cells  are  found,  while  the  latter  are  composed  of  the 
so-called  bone  structure. 

The  whole  question  of  the  meaning  of  the  structure  of  the 
skin  of  Ammocoetes,  with  its  wonderfully  regular  laminated  layer 
imderlying  the  epithelium,  will  form  a  separate  part  of  this 
series  of  papers,  and  will,  I,  hope,  follow  immediately  upon  the 
next  parts  dealing  with  the  auditory  and  optic  nerves ;  here  I 
simply  want  to  consider  the  muco-cartilaginous  skeleton  of  the 
head,  and  its  relation  to  the  so-called  bony  plates  of  the  Cephal- 
aspids. 

Bohon's  picture,  which  I  here  reproduce  (fig.  7,- PI.  LVI.),  is 
the  latest  and  best  figure  of  the  structure  of  this  so-called  bone. 
It  is,  as  he  describes,  clearly  composed  of  fibrillse  and  star-shaped 
cells,  arranged  more  or  less  in  regular  layers,  with  other  sets  of 
similar  cells  and  fibrillse  arranged  at  right  angles  to  the  first  set,. 
or  at  varying  angles.  The  groundwork  of  this  tissue,  in  which 
these  cells  and  fibrils  are  embedded,  contained  calcium  salts,  and 
so  the  whole  tissue  was  preserved.  In  places,  spaces  are  found 
in  it,  in  the  deepest  layer  large  medullary  spaces,  more  super- 
ficially ramifying  spaces,  which  he  considers  to  be  blood-vessels, 
and  calls  Haversian  canals ;  the  star-like  cells,  however,  are  not 
arranged  concentrically  around  these  spaces,  as  in  true  Haversian 
canals. 

If  we  turn  now  to  the  structure  of  muco-cartilage,  we  see 
how  remarkably  similar  it  is;  we  see  the  same  star-like  cells 
and  fibriU^  arranged  more  or  less  in  layers  as  Schaffer  has 
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described ;  arranged,  as  a  rule,  at  ri^t  angles  to  the  bounding 
layers  of  perichondrium,  as  Schneider  has  described  (cf.  fig.  25,  AV 
Schaifer  says  expressly  that  in  the  plates  of  muco-cartib^  of 
the  upper  lip  they  are  not  arranged  so  regularly  at  right  angles 
to  the  perichondrial  layers  as  in  the  plate  of  the  lower  lip  or  the 
thyroid  plate,  but  take  various  direction&^  He  also  states  thai 
the  shape  of  the  cells  is  such  that  they  appear  broad  and  stuv 
like  in  sections  parallel  to  the  surface,  and  spindle  or  rod-like  in 
sections  at  right  angles,  so  that  in  any  section  this  difference 
of  appearance  enables  us  to  draw  conclusions  as  to  the  arrange- 
ment of  the  platea  In  fig.  6,  PL  LVI.,  I  give  a  specimen  of 
muco-cartilage  in  the  head  r^on,  taken  from  a  series  of  hori- 
zontal sections  stained  with  osmic  acid.  It  is  seen  that  the  cells 
and  fibrils  are  arranged  partly  at  right  angles  to  the  limitdng 
layers,  partly  in  the  direction  of  these  layers ;  and  on  the  whole, 
the  cells  in  the  one  direction  are  broader  and  more  star-shaped, 
and  in  the  other  more  spindle  or  rod-shaped,  as  described  by 
Schaffer. 

The  whole  structure  is  clearly  remarkably  like  Rohon's  picture 
of  a  section  of  the  head  plate  of  a  Cephalaspid.  In  the  latter 
case  the  groundwork  contains  calcium  salts,  in  the  former  it  is 
the  peculiar  homogeneous  mucoid  tissue  which  stains  so  charac- 
teristically with  thionin.  With  respect  to  this  calcification,  it 
is  instructive  to  recall  the  calcification  in  the  interior  of  the 
branchial  cartilages  of  limulus,  as  described  in  Part  I L  of  this 
series  of  papers,  as  showing  how  easy  it  is  to  obtain  a  calcifi- 
cation in  this  chondro-mucoid  material.  With  re&pect  to  the 
medullary  spaces  and  smaller  spaces  in  this  tissue,  as  described 
by  Eohon,  I  would  venture  to  suggest  that  they  were  not  neces- 
sarily all  blood-vessels,  for  similar  spaces  would  appear  in  the 
head  shield  of  Ammoccetes  if  its  muco-cartih^e  alone  were 
preserved.  Of  these,  some  would  be  blood-vessels,  such,  for 
instance,  as  the  external  carotid  which  traverses  this  structure; 
but  the  largest  and  most  internal,  forming  spaces  like  Bohon's 
medullary  spaces,  would  be  muscular,  being  filled  up  with  bundles 
of  the  upper  lip  muscles. 

Seeing  the  unique  character  of  this  muco-cartilaginous  skeleton 
in  Ammoccetes,  seeing  the  importance  of  muco-cartilage  as  the 

»  Op.  cU,,  p.  688.  «  Op.  cU.,  p.  641. 
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forerunner  of  cartilage  (Vorknorpel),  it  is  only  what  one  would 
expect  to  find  that  the  earliest  vertebrate  skeleton  was  a  calcified 
muco-cartilage.  So,  also,  in  accordance  with  my  interpretation 
of  the  meaning  of  the  transformation,  the  total  disappearance  of 
this  tissue  at  transformation  is  only  what  one  would  expect. 

The  Larval  Cephalaspid  a  Eurypterid, 

From  what  has  been  said,  we  may  consider  that  Ammocoetes 
•demonstrates  to  us  the  nature  of  the  Cephalaspids ;  in  other 
words,  the  adult  condition  of  these  ancient  fishes  resembled  the 
larval  condition  of  the  Petromyzon.  As  a  necessary  corollary 
to  this  conclusion,  the  developmental  history  of  Ammocoetes 
may  fairly  be  taken  to  represent,  in  an  abbreviated  form, 
the  early  stages  of  the  Cephalaspids,  so  that  if  there  is  evi- 
•dence  of  a  larval  condition  in  Ammoccetes,  we  may  be  sure 
that  the  Cephalaspid  possessed  a  larval  stage,  the  nature  of 
which  is  indicated  by  this  early  condition  of  Ammocoetes. 
It  is,  therefore,  a  matter  of  exceeding  interest,  as  throwing 
a  strong  light  on  the  origin  of  the  Cephalaspids,  to  find  that 
KupfTer^  lays  great  stress  on  the  existence  of  a  larval  stage  in 
Ammocoetes  itself.  This  stage  exists,  according  to  him,  up  to 
the  length  of  5  mm.,  and  then  with  considerable  suddenness  a 
ti-ansformation  occurs  which  results  in  the  production  of  the 
Ammocoetes  itself.  During  this  larval  stage  the  oral  chamber 
is  still  closed,  the  opening  of  the  tube  of  the  hypophysis,  ix,,  the 
olfactory  tub^,  is  ventral,  so  that  the  dorsal  head  shield,  if  it 
were  represented  at  this  stage,  would  have  the  appearance  seen 
in  fig.  8,  B,  and  not  that  in  fig.  8,  C,  i.e,,  would  represent  in  the 
arrangement  of  its  parts  a  Eurypterid  rather  than  a  Cephal- 
aspid. Between  the  5  mm.  and  6  mm.  stage,  the  whole  system 
of  epibranchial  ganglia  in  connection  with  the  trigeminal 
vanishes  with  great  rapidity  (a  disappearance,  i.e.,  of  the  sepa- 
rate ganglia  connected  with  the  endognaths  and  ectognath,  indi- 
cating the  dwindling  and  reduction  of  these  appendages),  the 
^ral  chamber  communicates  with  the  branchial  chamber,  and  the 

*  Op.  cU.f  Heft.  8.  **  Die  Entwick.  d.  Kopfnerven  v.  Ammoc.  PlanerL 
Dritter  Abschnitt. "  Die  Metamorphose  des  larvaUii  Nervensystems  dee  Kopfes, 
p.  51,  1895. 
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nasal  opening  beicomes  dorsal  bj  the  forward  growth  of  the 
upper  lip. 

These  observations  of  Eupffer  give  the  strongest  possible  hint 
that  the  Cephalfispid  passed  throij^h  a  larval  stage,  which  termi- 
nated with  a  transformation  into  the  adult  condition,  just  as  the 
Petromyzon  passes  through  a  larval  stage,  ending  with  a  trans- 
formation, or  the  Amphibian  passes  through  the  tadpole  stage. 
Just  as  the  larval  stage  of  the  Amphibian — the  tadpole — ^is  of 
the  nature  of  Petromyzon,  and  the  larVul  stage  of  Petromyzon  i» 
a  Cephalaspid,  so  the  larval  stage  of  the  Cephalaspid  was  Euiyp- 
terid  in  form,  with  the  two  lateral  eyes  and  the  median  eyes  in 
position,  and  the  position  of  the  primordial  cranium  marked  out 
by  the  glab^Uum ;  at  transformation  with  the  breaking  through 
of  the  oral  chamber  between  the  gnatho-bases  of  the  metastoma, 
the  closure  of  the  Ikrval  mouth  by  the  growth  of  die  plastron 
or  primordial  cranium,  and  the  forward  growth  of  the  endostoma 
to  form  the  anterior  part  of  the  head  shield,  with  the  consequent 
formation  of  the  dorsal  nasal  orifice,  the  larval  Eurypterid  would 
transform  into  the  adult  form,  i.e.,  the  Cephalaspid  or  Ammo- 
ccBtes.  Thus  the  prosomatic  carapace  of  the  Eurypterid  becomes 
transformed  into  the  frontal  region  of  the  Cephalaspid,  and  the 
mesosomatic  carapace  into  the  occipital  region. 

Step  by  step  the  consideration  of  the  cranial  nerves,  of  the 
central  nervous  system,  of  the  muscular  and  skeletal  systems  in 
the  cranial  region,  from  an  anatomical,  an  embryological,  and  a 
physiological  point  of  view,  has  led  us  to  the  conclusion  that  the 
larval  stage  of  the  Cephalaspid  was  Eurypterid  in  nature,  or  at 
all  events,  something  between  a  Trilobite  and  a  Eurypterid.  At 
that  period  of  the  earth's  history,  in  the  Silurian  seas,  when  these 
earliest  fishes  first  made  their  appearance,  the  masters  of  the 
deep  were  the  giant  Eurypterids ;  the  dominant  race  were  the 
Merostomata,  which  in  their  turn  had  developed  from  the  preced- 
ing Trilobites,  swarms  of  which  still  occupied  the  sea&  Always, 
wherever  the  Cephalaspids  are  found,  often  imbedded  in  the  same 
mass  of  stone,  are  found  specimens  of  Eurypterus,  of  Bunodes,  of 
Hemiaspis,  or  one  or  other  of  these  Eurypterid  forms.  All  the 
conditions  were  exactly  favourable  to  the  evolution  of  a  higher 
type  from  the  dominant  race  of  this  time,  ie.,  from  the  Euryp- 
terid type.     Is  there  any  strong  drawback,  any  serious  diflSculty 
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in  the  way  of  such  evolution  ?  What  view  is  taken  by  palseonto- 
Ic^ts  as  to  the  alliance  of  these  primitive  fishes  with  invertebrate 
forms  ? 

Smith  Woodward  says^ — "They  pertain  either  to  the  class 
Pisces,  or  to  some  lower  denomination  yet  to  be  determined. 
Though  placed  in  immediatb  association  with  the  Urochorda 
and  Agnatha  by  Cope,  and  lately  supposed  to  be  allies  of  the 
Arachnids  by  Patten,  few  facts  can  be  adduced  in  favour  of 
either  of  these  theoretical  interpretatioiis  of  the  group.  The 
Arachnid  theory  is  based  upon  a  complete  misapprehension  of 
the  most  fundamental  points  in  Ostracoderm  skeletal  anatomy ; 
while  the  comparison  of  the  dorsal  opening  in  the  cranial  shield 
of  the  Asterolepida  with  the  mouth  of  an  Ascidian,  as  originally 
made  by  Cope,  is  already  admitted  by  that  author  himself  to 
prove  untenable." 

When  Smith  Woodward  thus  contemptuously  dismissed  the 
Arachnid  theory,  it  was  a  pity  that  he  ignored  all  consideration 
of  my  theory  of  the  origin  of  vertebrates,  and  therefore  of  these 
early  debatable  vertebrate  forms,  as  though  the  Arachnid  theory 
was  solely  represented  by  the  impossible  supposition  of  Patten 
that  the  dorsal  (neiural)  head  surface  of  fishes  is  comparable  with 
the  ventral(neural)prosomatic  siu*face  of  the  Merostomata.  Seeing 
that  my  views  of  the  origin  of  Vertebrates  from  the  Merostomata 
had  been  before  the  world  for  two  years  before  they  were  travestied 
by  Patten,  and  seeing  also,  as  is  shown  in  his  own  catalogue^ 
the  frequency  with  which  the  head  shields  of  the  Osteostraci  or 
portions  of  them  have  been  originally  described  as  portions  of 
a  Eurypterus,  the  Arachnid  theory  cannot  be  dismissed  by 
simply  pointing  out  the  absurdity  of  Patten's  views. 

I  would  submit  to  the  consideration  of  Smith  Woodward  and 
other  palseontologists  the  question  whether  these  forms  are  not 
exactly  of  the  kind  which  might  be  expected  to  have  existed  if 
the  earliest  fish  was  intermediate  between  the  Merostomata  and 
Ammocoetes.  The  whole  appearance  of  them  vividly  recalls  to 
mind  the  Trilobites,  the  Limuli,  and  the  Merostomata,  the 
frontal  part  of  the  shield  forming  the  prosoma  and  the  occipital 
part  the  mesosoma. 

^  Op.  ciL,  p.  17. 
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The  Primordial  Cranium  of  Bohon. 

One  difficulty  remains  whicdi  requires  consideration.  If  tiieae 
fishes  were  directly  derived  from  £ur]rpterid-like  forms,  one 
ought  reasonably  to  expect  that  the  prosomatic  appendages  would 
be  more  conspicuous  than  in  AmmocoBtes,  and  that  they  ought 
to  show  in  the  fossils.  On  the  other  hand,  such  undoubted 
Eurypterids  as  Hemiaspis,  Bunodes,  etc.,  show  no  sign  of  free 
prosomatic  appendages.  Either  their  appendages  were  hidden 
between  their  dorsal  prosomatic  carapace  and  some  ventral 
metastomal  plate,  or  were  perishable,  and  have  not  been 
fossilised. 

As  to  the  mesosomatic  branchial  appendages,  they  are  natu- 
rally hidden  away  as  the  branchiae  in  the  occipital  r^on  of  the 
Cephalaspids,  as  in  the  Merostomata ;  but  some  remnant  of  the 
prosomatic  appendages  ought  to  be  found  under  or  in  connection 
with  the  frontal  region.  According  to  my  arguments  deduced 
from  AmmocoBtes,  these  prosomatic  appendages  were  covered  in 
ventrally  by  the  metastoma,  i,t.,  the  anterior  part  of  the 
ventral  head  shield  of  the  Osteostraci ;  any  sign  of  them,  there- 
fore,  must  be  looked  for  between  the  dorsal  and  ventral  head 
shields ;  and  if  it  be  found  that  this  portion  of  the  animal  was 
divided  into  well-marked  segments,  each  of  which  might  reaaon- 
ably  be  the  only  indication  of  such  a  prosomatic  segment  and 
appendage,  then  it  seems  to  me  that  the  evidence  of  an  origin 
from  such  scorpion-like  forms  becomes  very  strong. 

Such  evidence  has  been  lately  given  by  Rohon,  who,  in  further 
investigations  on  Thyedes  verrucosus,  has  made  a  most  interest- 
ing discovery,  which  he  terms  the  s^mentation  of  the  primordial 
cranium.  He  has  discovered  specimens  in  which  the  dorsal 
shield  has  been  removed,  and  so  we  are  able  to  see  what  that 
dorsal  shield  covered. 

In  fig.  32  I  reproduce  his  drawing  of  one  of  his  specimens 
from  the  dorsal  and  lateral  aspects.  These  drawings  show  that 
the  frontal  part  of  the  shield  covered  a  markedly  segmented 
part  of  the  animal ;  he  sees  five  distinct  segments  apart  from  the 
median  most  anterior  region.  This  segmented  r^on  is  entirely 
confined  to  the  prosomatic  region,  i.e.,  to  the  r^on  innervated 
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"by  tfie  trigeminal  nerve.  Hia  drawing  looks  for  all  the  world 
as  though  we  were  seeing  here  in  this  moat  primitive  fish  the  last 
traces  ot  the  prosomatio  appendices,  and  in  any  case  lends  most 
powerful  support  to  the  view  pnt  forward  in  this  paper,  that  the 
trigeminal  nerve  originally  supplied  at  least  five  segments.  An 
indication  of  similar  markings  is  given  in  Lankester's  figure  *  of 
Eukeratpis  pustuli/enia  (see  fig.  28,  B),  and,  indeed,  evidence  of  a 
segmentation  onder  the  antero-Iateral  border  of  the  head  shield 


Fio.  32. — Lnteral  »nd  dorsal  views  of  the  frontal  aud  occipital  i-egions  of  the 
hMd  Bbield  of  ThysBtca,  after  removal  of  tlie  outer  surface  (from  Rohon}. 

is  recognised  at  the  present  time,  not  only  in  the  Cephalaspidee, 
but  also  in  the  Pteraspidie,  as  was  pointed  out  to  me  by  Smith 
Woodward  in  the  specimens  at  the  British  Museum. 

These  specimens  of  £ohon  are  of  very  great  importance  for  the 
■estimation  of  the  nature  of  these  earliest  fishes,  and  I  will  there- 
fore state  what,  in  my  opinion,  is  the  interpretation  of  this  dis- 
-covery  of  Eohon's.  He  calls  these  segments  discovered  by  him 
the  segmentation  of  the  primordial  craniiun ;  it  would,  I  think, 
be  better  to  call  it  the  segmentation  of  the  anterior  region  of 
'  Op.  cfl.,  p.  68. 
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the  headj  for  that  is  really  what  his  figures  show,  not  neceaBarily 
the  'segmentation  of  the  primordial  craniiim.  Let  us  consider  thi» 
matter  in  the  light  of  my  theory.  As  already  mentioned,  the 
proBomatic  carapace  of  most  if  not  all  the  fonnrlike  the  Hemi- 
aspidae,  etc.  (see  figs.  6  and  7),  is  marked  out  into  segments  in  a 
manner  strikingly  resembling  the  segments  discovered  by  Sohon: 
the  meaning  of  this  segmentation  in  the  front  part  of  the  head 
of  these  extinct  forms  which  were  intermediiEdie  between  the 
phyllopod  trilobites  and  the  living  king  crabs  and  scorpions  caa 
be  deduced  with  the  greatest  probability,  by  seeing  to  what  the 
similar  segmentation  on  the  carapace  of  such  forms  as  Mygale  and 
Phrynus  is  really  due.  As  already  mentioned,  these  markings  on 
the  carap6ice  are  formed  in  the  latter  cases  by  the  attachment  of 
the  prosomatic  appendages  to  the  carapace,  as  is  seen  in  fig.  5, 
which  represents  the  arrangement  of  parts  seen  in  Phrynus  on 
removal  of  the  carapace,  the  limit  of  the  carapace  being  indi- 
cated by  the  outside  line. 

In  such  forms  as  is  seen  by  the  comparison  of  fig.  4  with  fig.  5, 
the  markings  on  the  exterior  indicate  quite  clearly  the  limits 
of  the  important  structures  beneath.  Only  the  central  unseg- 
mented  portion  (glaK)  covers  over  that  part  which  is  occupied 
by  the  brain  and  alimentary  canal ;  this  portion  clearly  corre- 
sponds to  what  is  called  by  Woodward  the  glabellum  in  the 
Hemiaspidae,  etc.  (gi,  fig.  7),  the  name  being  given  in  accordance 
with  the  similar  name  used  in  the  description  of  the  Trilobitea 
I  shall  therefore  use  the  term  '  glabellum '  to  indicate  this  central 
unsegmented  plate,  wliich  covers  over  the  brain  region  in  all 
cases,  whether  classed  among  the  fishes  or  the  invertebrates, 
where  such  a  structure  is  found.  The  limits  of  the  space 
covered  over  by  the  glabellum  is  marked  out  in  Phrynus,  as 
already  discussed  in  Part  VI.,  by  the  upturned  walls  of  the 
plastron  or  ento-chondrite,  which  form  a  primordial  cranium, 
just  as  the  thickened  lateral  bars  of  the  same  plastron  formed 
the  primordial  trabeculfe  (see  Part  IL). 

I  conclude,  therefore,  that  the  part  of  the  carapace  which  corre- 
sponds to  the  cranium  in  the  vertebrate  is  that  central  part  called 
the  glabellum,  to  the  right  and  left  of  which  the  lateral  orbits 
were  situated. 

If  we  now  turn  to  the  Cephalaspid  head  shield,  we  find  here 
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alBO  a  oentral  plate  whioh,  so  Smith  Wdodirard  mforloB  me, 
existed  both  in  the  Gephalaepldse  and  the  Fterasjadss,  and  w»8 
of  a  different  conaietenoj  to  the  rest  of  the  shield,  being  harder 
for  the  protection  of  the  vital  brain  region  below  it.    This  oentral 

.plate  or  glabellum  corresponds  in  position  to  Kohon's  parietal 
organ  {fig  9  ^/ )  and  to  the  p(wtK)rbital  depression  of  Lankester 
ijpov  fig  26  A)  Rohon  m  lus  most  recent  paper,^  referring  to  the 
apecunens  just  mentioned  Which  show  the  lateral  assentation, 
-deeonbes  this  medjan  structure  as  a  "  stabfdnniges  Oder  strang- 
Jormigee  Gebilde  which  arises  in  the  middle  of  the  posterior 
wall  of  the  frontal  organ  and  after  a  short  course,  melts  into  the 

.  binder  or  occipital  part  of  the  cianium.  He  speaks  of  it  as  a 
Leiste  (ledge)  and  says  that  the  two  orbits  are  situated  on  the 

-  right  and  left  aide  of  this  ledge 

The  comparison  of  A  fig  33  which  represents  the  carapace  of 
Thyestes  with  Bohon  s  segments  marked  on  it,  and  of  E,  fig.  33, 
which  represents  the  carapace  of  Bunodes,  with  lateral  orbits 


Fio.  33,  A.— OntliuB  of  Thyeates  Termcosiw  with  Bohon's  Mgmsnti  indiosted. 

B. — Oatliiw  of  Hnnodes  lannla  with  lateral  «;m  iiuetted.     Roth  figures 

inserted  bo  as  to  represent  an  old  generalised  semi-trilobite  semi- 
scorpion  form,  shows  how  the  two  forms  may  be  compared,  the 
main  difference  between  the  two  figures  being  the  inclusion  into 
the  head  shield  of  the  fish  of  the  olfactory  opening,  a  conse- 
-quence,  as  already  explained,  of  the  formation  of  the  new 
Ammoco^tean  mouth.  Such  comparison  suggests  most  strongly 
that  the  limits  of  the  cranium  in  Thyestes  were  marked  out  by 

'  "  Weitere  Uittheilangen  iiber  die  Oattniig  Thyestw,"  Bull,  de  VAead.  de  St 
J'eOnb.,  Gth  BsriM,  to],  iv.,  ISSfl,  p.  283. 
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the  plate  of  the  glabellmn,  just  as  the  limits  of  the  primordial 
craDinm  were  marked  out  by  the  glabellum  m  Hie  invertebrate. 
Such  a  conclusion  is  made  a  certainty  by  comparing  the  head 
shield  of  Thyestes  with  the  head  region  of  Ammocoetes  (fig.  c, 
PI.  LYIL).  Here  also  is  a  median  structure  (cr,)  of  elongated 
shape,  which  arises  from  the  middle  of  the  posterior  wall  of  the 
nasal  organ,  and  extends  into  the  occipital  part  of  the  head.  On 
the  right  and  left  side  of  this  median  structure  the  two  orbits 
(le)  are  situated.  Clearly  this  structure,  which  is  the  mem- 
branous cranium  of  the  Ammocoetes,  corresponds  absolutely  in 
position  with  this  median  Leiste  (ledge)  described  by  Sohon. 

The  very  presence  of  this  hard  median  plate  or  glabellum  as 
a  protection  to  the  vital  brain  region  makes  it  probable  that 
the  Cephalaspid  cranium  was  membranous  like  that  of  Ammo- 
coetes, or  even  was  still  only  half  formed  from  the  plastron,  as 
in  Galeodes  or  Phrynus. 

In  conclusion,  the  evidence  of  comparative  anatomy  is  very 
strong  that  Sohon's  observation  does  not  indicate  the  s^menta- 
tion  of  the  primordial  cranium,  but  rather  shows  that  these 
most  primitive  fishes  possessed  on  each  side  of  their  cranium,  in 
the  region  supplied  by  the  trigeminal  nerve,  five  well-defined 
segments,  due,  in  all  probability,  to  the  presence  of  five  pairs  of 
prosomatic  appendages.  Such  appendages  wei'e  concealed  ven- 
trally  by  the  lower  head  shield  or  metastoma ;  they  were,  in  all 
probability,  of  the  same  nature  as  the  appendages  in  Bunodes 
and  Hemiaspis ;  and  judging  from  Beecher's  investigations  on  the 
Trilobite  appendages,  were  quite  possibly  chiefly  composed  of 
gnatho-bases,  their  palps  being  reduced  to  tentacles  after  the 
fashion  of  Ammocoetes. 

So,  also,  we  see  written  plainly  in  the  records  of  the  lamprey 
why  the  cartilaginous  and  bony  cranium  of  the  vertebrate  arose; 
how  the  protection  of  the  external  carapace  gave  place  to  the 
protection  of  the  internal  cranium.  First,  the  chitinous  cara- 
pace of  the  Eurypterid  formed  an  efficient  protection  for  the 
vital  organs  beneath.  Then,  when  the  Eurypterid  became  trans- 
formed into  the  Cephalaspid,  the  chitinous  carapace  was  replaced 
by  the  calcified  head  shield  of  the  Cephalaspids,  and  still  the 
vital  nervous  organs  were  protected  by  an  external  shield. 
Then,  for  the  sake  of  greater  mobility  and  flexibility,  the  Cephal- 
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aspid  somatic  muscles  passed  further  and  further  headwards,  and 
the  head  shield  of  the  Cephalaspid  dwindled  to  the  muco- 
cartilaginoas  external  skeleton  of  the  Ammocoetes,  which,  still 
in  its  calcified  form,  protected  the  brain,  until,  with  the  conver- 
sion of  the  fibrous  into  the  cartilaginous  cranium,  and  the  dis- 
appearance of  the  muco-cartilage,  as  seen  at  transformation,  the 
last  remnant  of  the  Cephalaspid  external  skeleton  vanishes,  and 
henceforth  the  protection  of  the  brain  region  is  undertaken  by 
the  internal  cartilaginous  and  bony  cranium — the  original  in- 
ternal primordial  cranium  of  the  Eurypterid. 

Such,  then,  in  my  opinion,  is  clearly  the  nature  of  the  Cephal- 
aspidian  head  shield.  It  has  been  suggested  that  these  segments 
along  the  antero-lateral  border  of  the  shield  were  branchial,  and 
that  the  long  cornua  acted  as  opercula  over  the  branchial  open- 
ings. It  seems  to  me  very  evident  that  the  segments  are  too  far 
forward  for  the  ordinary  branchial  segments  (and  that  is  the 
proposition  that  these  are  branchial  segments  belonging  to  the 
vagus  group  of  nerves),  and  that  the  comparison  of  this  region 
with  that  of  Ammocoetes  makes  it  most  probable  that  this 
region  was  innervated  by  the  trigeminal  nei^ve,  and  therefore 
the  branchial  segments  were  situated,  as  Lankester,  Schmidt, 
Kohon,  etc.,  thought,  in  the  occipital '  region.  At  the  same 
time,  it  is  perfectly  possible,  and  indeed  probable,  that  the 
reason  for  the  extension  of  the  calcified  muco-cartilaginoua 
head  shield  in  the  shape  of  the  two  cornua  was  because  such 
cornua  acted  as  opercula  to  the  branchial  openings,  so  that,  as 
Smith  Woodward  suggests,  Lankester's  pectoral  fin  was  oE  the 
nature  of  an  operculum,  for  all  such  cornua  would  extend  over 
the  greater  part  of  the  branchial  region,  and  cover  it  laterally 
and  ventrally,  if  the  occipital  part  of  the  head  shield  was 
branchial.  In  connection  with  this  suggestion,  it  ia  to  my  mind 
significant  that  the  trigeminal  nerve  in  Ammoccetes  should 
supply  a  ventral  strip  of  skin  surface  along  and  ventral  to 
the  line  of  branchial  openings,  which  extends  as  far  backwards 
as  the  4th  branchial  segment  (fig.  5,  PI.  LVI.). 

Further,  it  has  been  suggested  ^  that  these  cornua  may  have 
formed  part  of  the  covering  of  an  atrial  cavity,  and  that  some- 
thing of  the  nature  of  an  atriopore  exists  on  each  side  in  many 

*  G.  B.  Howes,  Nature,  vol.  Ixi.  p.  309. 


586  DR  •WAl.TKR  H.  GASKKLL. 

specimens,  a  suggestion  which  seems  to  me  worthy  of  a  deal  of 
thought  and  careful  consideration.  I  have  always  felt,  as  already 
mentioned,  that  the  marked  atrial  cavity  of  Amphioxus  must 
have  originated  from  a  primitive  atrial  cavity  in  an  Ammo* 
ooetean  fish,  and  must  be  explained  in  any  exhaustive  series  of 
papers  dealing  with  the  origin  of  Vertebrates.  So  far,  I  have 
merely  stated  ^  that  Fiirbnnger's  suggestion  appears  to  me  moet 
likely,  and  at  present  I  will  say  no  more.  The  discussion  of 
this  question  cannot  be  undertaken  until  the  position  of  the 
spinal  nerves  is  made  clear ;  I  will  therefore  leave  it  until  I 
have  completed  what  I  have  to  say  on  the  cranial  nerves^  and 
then  I  hope  to  discuss  the  whole  spinal  region. 

In  conclusion,  I  will  sum  up  the  evidence  of  this  Part  It  is 
absolutely  clear  that  Ammoceet^  is  a  Cephalaspid;  and  judging 
from  the  evidence  given  in  the  development  of  Ammocoetes 
itself,  a  larval  form  of  the  Cephalaspid  existed  which  was  of  the 
nature  of  a  Euiypterid.  Again,  judging  from  the  evidence  given 
in  the  developmBit  of  limulus,  the  larval  form  of  the  Euiyp- 
terids  was  of  the  nature  of  a  TrUobite,  and  the  evidence  of 
Beecher  shows  that  the  Trilobite  was  a  FhyUopod,  which  was 
almost  certainly  derived  from  avChsetopod.  On  the  other  hand, 
the  evidence  given  in  the  development  of  Petromyzon  shows 
that  the  larval  form  of  the  Petromyzon  was  a  Cephalaspid; 
while  the  Petromyzon  itself,  according  to  the  researches  of 
Parker  and  others,  resembles  the  larval  form  of  the  Amphibiaa. 
From  the  Amphibian  we  pass  to  the  Manmial,  and  from  the 
Manunal  to  Man.  Thus  the  study  of  Ammocoetes  has  enabled 
us  to  indicate  the  chain  of  evolution,  owing  to  the  enormous 
value  of  larval  forms,  from  the  Annelid  to  Man. 

'  Part  III.,  this  Jownudf  vol.  zxxiii.  p.  183. 
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DESCRIPTION  OF  FIGURES,  Pls.  LVL  and  LVIL 

Rbferbnob  Lettbrs. 

br^ — br^,  branchiae ;  sk^ — sJc^,  skeletal  bars ;  m^ — m^  striated  visceral 
muscles ;  mt^ — mt^  tubular  muscles ;  J.t;.,  jugular  vein ;  m.v,f  maxil- 
lary vein;  na,,  nasal  epithelium;  na.cart.,  nasal  cartilage;  m,cart.y 
muco-cartilage ;  Z.e.,  lateral  eyes  ;  c.e,,  pineal  eyes;  cr.,  cranium;  tr,y 
trabecule ;  ped.,  pedicle ;  m/.,  infundibulum ;  nc.,  notochord ;  and,, 
auditory  capsule. 

Pl,  LVI. 

Fig.  1.  Horizontal  section  of  anterior  part  of  AmmoccBtes  immedi- 
ately ventral  to  the  auditory  capsule.     V,  trigeminal  nerve. 

Fig.  2.  Sagittal  lateral  section  through  the  head  end  of  Ammocoetes. 

Fig.  3.  Dorsal  view  of  intact  head  of  AmmocoBtes ;  olf.,  olfactory 
organ ;  md.,  ml.,  dorsal  and  lateral  parts  of  the  foremost  dorso-lateral 
somatic  muscle. 

Fig.  4.  Horizontal  section  of  anterior  part  of  Ammoccstes,  through 
pineal  eye  and  nasal  tube. 

Fig.  5.  Distribution  of  trigeminal  nerve  in  AmmocoBtes ;  ps,  br., 
pseudo-branchial  groove;  mety  nerve  to  lower  lip,  or  metastomal 
nerve  ;  t,  nerve  to  tongue ;  tent,  nerve  to  tentacles. 

Fig.  6.  Section  of  muco-cartilage  from  dorsal  head-plate  of  Ammo- 
coBtes. 

Fig.  7.  Section  of  head-plate  of  Cephalaspid  (from  Rohon). 

Pl.  LVIL 

Skeleton  of  head  region  of  AmmocoBtes — 

A,  lateral  view. 

B,  ventral  view. 

C,  dorsal  view. 

Muco-cartilage,  red ;  soft  cartilage,  blue  ;  hard  cartilage,  purple. 
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Abdominal  viscera,    topography   of, 

427. 
Acromion  process,  separate,  287. 
Addison,    topography    of    abdominal 

viscera,  427. 
Adrenal  atmctnres  in  ingninal  canal, 

79.  ^ 

Ammooistes  a  Cephalaspid,  662. 
Archttologia  Anatomioa,  275. 
Artery  profunda  femoris,  branches  of, 

260. 
Australian  skull  with  sapemumerary 

molars,  273. 

Baik,  experiments  on  the  secretion  of 

bile,  69. 
Barclay-Smith,  notice  of  John  Halle, 

276. 
Barton,    histoloe^   of    the    digestive 

canal  in  the  salmon,  296. 
Berry  on  the  stomach  and  pylorus, 

168. 
Bertaoohini  on   the  blastoporic   rim, 

410. 
Bile-secretion,  experiments  on,  69. 
Bladder,  form  of,  when  empty,  182. 
Blastoporic  rim,  410. 
Blood  corpuscles,  cause  of  the  form  of, 

861, 

' oxygenation  of,  288. 

Bone,  histoTogy  of,  84. 

Bryce,  variation  of  the  pectoral  mnscles, 

76. 

Cambbostome,  614. 

Carlier,  ciliated  cells  in  the  kidney, 

228.  . 
Oervico-thoracic    outflow   of    visceral 

nerves,  869. 
Charles,  entry  of  oxygen  into  the  blood 

in  the  lungs,  288. 
Clavicular  joints,  comparative  anatomy 

of,  48. 
Cleland,  duplicity  of  cervix  uteri  in 

Otaria  and  Tridiecus,  159. 
Club  feet,  anatomy  of,  408. 
Coccyx  of  three  vertebne,  466. 
Coelomic  head  cavities,  482. 


Collective    Investigation   Committee, 

ninth  report,  260. 
Colon,  transverse,  topography  of,  428, 

480. 
Colquhoun,  method  of  exhibiting  caua- 

licnli  of  bone,  84. 
Corpuscles  of  blood,  shape  of,  861. 
Cranial  nerves,  histoloffy  of,  118^ 

—  morphology  of,  466. 

Craniometric  observations,  266. 
Cranium,  primordial,  686. 

Dental  anomaly,  278. 

Digestive  tract  of  salmon,  histology  of, 

296. 
— —  topography  of  human, 

168,  427. 
Dixon,  form  of  the  empty  bladder  snd 

of  the  prostate,  182. 
Double-yolked  eggs,  418. 
Drummond,  hnmolymph  glands,  198. 
Dwarfs,  418. 

Edobwobth,  development  snd  histo- 
logy of  cranial  nerves,  and  develop- 
ment of  certain  head  muscles,  118. 

£gg8,  double-yolked,  418. 

ElTOw,  comparative  anatomy  of,  67. 

Endophlebitis,  468. 

Eye  muscles  and  nerves  in  fishes,  1. 

morphology  of,  496. 

Facial  nerve,  topography  of,  248. 
Frog,  anomalous  reni-portal  system  in, 
898. 

Gabkxll,  origin  of  vertebrates,  466. 
Gemmell,  vitality  of  certain  ova  and 

spermatozoa,  168. 
Glands,  hsemolym^jh,  198. 
Gray,  a  modincation  o(  Helmholtz's 

theory  of  hearing,  824. 

Hamoltmph  glands,  198. 

Halle,  John,   notice  of  hia  life   and 

works,  276. 
Harman,    cervico-thoraoic    outffow  of 

visceral  nerves,  1. 
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Harman,    palpebral    and    oculomotor 

mascles  of  fishes,  859. 
Head  cavities,  482. 
Hearing,  theory  of,  824. 
Hepburn,  osteometric  board,  111. 
Hip-joint,    comparatiye    anatomy  of, 

801. 

Ingfikal  canal,  adrenal  tissue  in^  79. 
Investigation    Committee,    ninth    re- 
port of,  260. 

Joints  of  man  and  mammals  com- 
pared, 41,  801. 

Joyce,  topography  of  seventh  nerve, 
248. 

KiDNST,  topography  of,  480. 

ciliated  cells  in,  228. 

Knee-joint,   comparative  anatomy  of, 

806. 
Koala,  thymus  of,  226. 

Lakynx  of  roonotremes,  cartilages  of, 
90. 

Limnlus,  appendages  of,  469. 

Liver,  topography  of,  429. 

Lockwood,  adrenal  tissue  in  the  in- 
guinal canal,  79. 

Low,  anomalies  of  ribs  and  vertebra, 
451. 

Lungs,  respiratory  changes  in,  288. 

Mackenzie,  club   feet,  anatomy  of, 

408. 
Manouvrier  on  dwarfs,  418. 
Meigs  on  endophlebitis,  458. 
Merostomata,  appendages  of,  465. 
Melastoma,  540. 
Molars,  supernumerary,  278. 
Monotreme  larynx,  cartilages  of,  90. 
Muscles  of  eye,  morphology  of,  496. 

—  head  de^^opment  of, 


118. 


pectoral,  anomaly  of,  75. 


Myers,  shape  of  red  blood  corpuscles, 
851. 

Nekye,  facial  topography  of,  24d. 

— ^—  fibre-sheath,  histology  of,  881. 

l^erves,  cranial  morpholep  of,  496. 

visceral,  cervico-thoracic  out- 
flow of,  859. 

Xervons  system,  Soury  on  (Review), 
288. 

OcvLOMOTOA  and  palpebral  apparatus 
of  fishes,  1. 

nerves  and  muscles,  morpho- 
logy of,  496, 

Olfactory  apparatus,  morphology  of, 
514 


Origin  of  vertebrates,  465. 

Osteometric  board.  111. 

Otaria,  duplicity  of  uterine  cervix  in, 

159 
Ova,  vitality  of,  168. 
Oxygen,  its  entrance  into  the  blood  in 

the  lungs,  288. 

Paljeostome,  580. 

Palpebral  apparatus  in  fishes,  1. 

Pancreas,  topography  of,  428. 

Parietal  bone,  symmetrical  large  per- 
foration of,  228. 

Parsons  on  the  jointa  of  man  and 
mammals,  41,  801. 

Paterson  on  large  parietal  perfoiations, 
228. 

Pectoral  muscles,  anomaly  of,  75. 

Pelvic  viscera  and  floor,  contrasted 
forms  of,  101. 

Pituitary  body,  582. 

Polymastia  and  polythelia,  418. 

Primordial  cranium,  585. 

Profunda  femoris  artery,  its  branches, 
260. 

Pro-otic  segmentation  in  vertebiates, 
465. 

Prosomatic  appendages,  587. 

Prostate,  shape  of,  182. 

Pterygotos,  appendages  of,  467. 

Pylorus,  topography  of,  158,  439. 

Rbni-po&tal  system  of  frog,  anoma- 
lous, 898. 
Ribs,  anomalous,  451. 

Shore,  anomaloas  reni-portal  vun  of 
frog,  898. 

Shoulder-joint,  comparative  anatomy 
of,  51. 

Smith,  method  of  staining  sections  im- 
bedded in  paraffin,  152. 

Soury,  SysUmt  Nerveux  (Review),  283. 

Spermatozoa,  vitality  of,  168. 

Spleen,  topography  of,  429. 

Stern uni,  anomalous,  455. 

Stomach,  topographical  relations  of, 
158,  427. 

variations  of,  485. 

— movements  of,  446. 

Stylonurus,  appendages  of,  463. 

Suprarenal  body,  relation  of,  428. 

Symington,  acromion  process,  separate, 
287. 

cartilages  of  monotreme  larynx, 


90. 


pelvic  viscera  and  floor,  cob« 


trasted  forms  of,  101. 
thymus  of  Koala,  226. 
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Teratology,  report  od,  410. 

Thymus  of  Koala,  226. 

Trichecos,  double  cervix  uteri  in,  159. 

Trigeminal  nerve,  morphology  of,  465, 
484. 

Trochlearis,  nerve  morphology  of,  607. 

Turner,  Australian  cranium  with  ano- 
malous molars,  278. 

Utebine  cervix,  double,  in  Otaria  and 
Trichecus,  159. 

Vebtbbra,  anomalous,  451. 


Vertebrates,  origin  of,  466. 
Visceral  nerves,  cervico-thoracic  out- 
flow of,  359. 
Vitality  of  ova  and  spermatozoa,  163. 

Watebston,  craniometric  observa- 
tions, 256. 

Windle,  report  on  teratological  litera- 
ture, 410. 

Wrist-joint,  comparative  anatomy  of, 
68. 

Wvnn,  minute  anatomy  of  the  medul- 
lary nerve-sheath,  881. 
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ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JULY  1899. 


A  Summer  Meeting  of  the  Society  was  held  in  the  Anatomical 
Schools,  Kew  Museum,  Cambridge,  on  Saturday,  8th  July,  at  2.30 
P.M.  The  President^  Professor  A.  Macalistkr,  F.R.S.,  was  in  the 
chair.  Thirty -one  members  and  eleven  visitors  were  present.  Letters 
regretting  their  inability  to  attend,  were  received  from  Professor 
Waldeyer,  Professor  Young,  Professor  Symington,  Dr  R.  J.  Berry^ 
and  Professor  Birmingham. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

Dr  Charles  J.  Pattbn,  B.A.,  Chief  Demonstrator  in  Anatomy^ 
Trinity  College,  Dublin,  proposed  by  D.  J.  Cunningham,  A.  M. 
Paterson,  and  A.  Keith,  was  elected  a  member  of  the  Society. 

(1)  Professor  Sidnky  Martin,  F.R.S.  (inti'odUced  by  Professor 
Thane),  showed  a  Hearty  in  which  the  left  auricle  was  divided  by  a 
horizontal  septum  into  a  ^liperior  and  inferior  compartment.  Similar 
specittiens  were  shown  Ijiy  Dr  Wardrop  Griffith,' and  Dr  Kolleston  at 
the  meeting  of  the  Society  held  on  10th  February  1896. 

(2)  Dr  Wardrop  Griffith  showed  ttco  examples  of  Moderator  Band 
in  the  Left  Ventricle  of  the  heart.  In  the  first  specimen  the  band  arose 
by  two  fan-shaped  processes  from  one  of  the  cohimnse  carnese,  which 
was  stretched  out  over  the  anterior  part  of  the  base  of  the  ianterior 
papillary  group  of  muscles.  These  soon  "joined,  and  the  resulting 
band,  which  Was  about  half  a  millimetre  in  thickness,  passed  across 
the  ventricle;  and  was  inserted  into  the  septum  by  an  expanded  base, 
about  f  inch  below  the  junction  of  the  anterior  and  postero-right 
aortic  segments.  Its  total  length  was  2  inches,  and  it  was  devoid  of 
muscle  except  where  the  muscle  of  the  ventricle  was  drawn  out  into  it 
at  its  attachments.     The  second  specimen  which  is  shown  in  the 
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outline  diagram  (fig.  1)  strongly  resembled  the  first,  differing  from  it 
only  in  minor  particulars.  In  commenting  on  these  specimens  Dr 
Griffith  referred  to  the  two  examples  described  by  Sir  William  Turner, 
who  was,  he  thought,  the  first  to  call  attention  to  the  subject. 

In  Turner's  first  communication  {Journal  of  Anat,  and  Pkys,,  vol. 
xxvii.  p.  xix)  three  bands  were  mentioned  passingfrom  the  septum  to  the 
posterior  wall,  and  one  band  26  mm.  x  f  mm.,  passing  from  the  ''base 
of  the  anterior  papillary  muscle  to  the  septal  walL"     In  his  second 


Fig.  1. — Moderator  Band. 


communication  {ibid,,.Yo\.  xxx.  p.  568),  a  band  was  described  passing 
from  the  septum  to  an  attachment  ''in  intimate  relation  with  the 
origin  of  the  large  papillary  muscle." 

Turner  expressed  the  view  that  these  bands  are  often  present,  but 
get  cut  in  opening  the  heart.  Dr  Griffith  thought  that  this  was  true 
as  regards  the  smaller  bands,  and  he  had  found  many  examples  of 
such,  showing  a  gradual  transition  to  columnsB  carness  of  the  second 
variety,  between  which  and  these  bands  it  was  impossible  to  draw  the 
line ;  but  he  thought  the  bands  passing  from  the  root  of  the  anterior 
papillary  muscle  to  the  septum,  mentioned  by  Turner  in  his  first  and 
second  communication,  and  of  which  two  additional  examples  were 
now  shown,  were  somewhat  rarer.  The  great  similarity  of  the  bands 
and  of  their  attachment  in  these  four  specimens  was  suggestive  of  their 
having  some  morphological  importance.  The  general  deficiency  of 
columnae  carneaB  noted  by  Turner  was  not,  Dr  Griffith  thought,  a 
feature  of  the  specimens  now  shown. 

Dr  Wardrop  Griffith  also  showed  a  Heart  (fig.  2)  tffith  a  dont^pass- 
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ing  from  the  poBterioT  group  of  paptllaiy  muscles  up  through  the  mitral 
orifice  to  the  mai^in  of  the  valve  of  the  foramen  ovale.  At  ita  papil- 
lary attachment  it  difiered  in  no  respect  from  one  of  the  adjacent 
cordn  tendinece,  while  further  up  it  thickened  irregularly,  and  was 
rigid  and  clearly  calcareous  in  its  core  at  its  upper  end.  The  heart 
was  from  a  young  subject,  and  there  were  no  calcareous  changes 
elsewhere  in  the  organ.  There  were  no  cardiac  symptoms,  nor  is  it 
believed  cardiac  signs  during  life,  and  the  action  of  the  mitral  valve 


would  doubtless  be  perfect.     Dr  Griffith  believed  the  condition  bad 
not  been  previously  described. 

Dr  Wakdrop  Griffith  also  showed  dissections  of  three  apenmeng  of 
Impei-foT'tte  Antu.  Two  were  examples  of  the  form  known  as  atresia 
ani  urethralis.  In  the  third  example  the  condition  was  associated 
with  so-called  hermaphroditism,  and  the  specimen  will  be  described 
in  full  hereafter. 

(3)  Professor  Jaxbs  Mubqrove  exhibited  ffperimi'm  of  Negro  Skin 
from  the  palm  and  anterior  aspect  of  the  trunk,  prepared  so  as  to 
show  the  Tsriuus  strata. 

(4)  Professor  A.  C.  Haddoh,  F.R.tS.,  exhibited  and  made  remarks 
on  Specimens  of  Anthrojtohtfural  Interest  nldaine^i  in  New  Guinea  and 
Borneo,  during  his  recent  expedition.  The  time  had  been  too  short 
since  his  return  to  allow  him  making  an  exhaustive  investigation  of 
the  collection  of  skulls  hrovight  home,  but  the  specimens  obtained 
from  the  interior  of  Borneo,  probably  the  largest  number  obtained  up 
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to  the  present  time,  did  not  appear  to  indicate  the  presence  of  a 
negroid  people  in  the  Bornean  Hinterlands. 

(5)  Dr  E.  J.  Berry  exhibited  stereoscopic  photographs  of  the 
Sa2)he7ioit8  Openimj  and  Antinibitcd  Fossa,  to  show  their  utility  for 
teaching  purposes. 

.  (6)  The  next  communication  was  made  in  the  Museum  by  Mr  W. 
L.  H.  Duckworth — ^^ Notes  oii  tfie  Anthrojwlogual  Collection  in  the 
Museum  of  Human  Anatomy ,  Cambndge" 

The  Anthropological  Collection  occupies  ten  cases  in  the  Museum  of 
Human  Anatomy,  wall-cases  being  arranged  round  the  sides  of  that 
room,  in  addition  to  five  spacious  central  cases.  The  contents  of 
these  cases  represent  the  results  of  the  efforts  of  Professor  MacaHster 
and  his  predecessor  in  the  Chair  of  Human  Anatomy,  the  late  Sir 
George  M.  Humphry,  to  bring  together  a  thoroughly  representatiTe 
series  of  the  crania  of  the  various  human  races.  With  such  success 
have  those  efforts  been  met  that  the  Collection  is  second  to  none  in 
this  country,  and  comprises  more  than  one  subsidiary  collection— ^a 
fji\,  the  Thurnam  and  the  Hutchinson  collections,  of  very  considerable 
magnitude. . 

The  very  number  of  the  specimens,  however,  renders  the  acquisition 
of  a  comprehensive  knowledge  of  the  contents  of  this  Museum  a  matter 
of  prolonged  study,  and  it  is  with  the  idea  of  pointing  out  the  rarer 
and  more  interesting  examples  that  these  notes  have  been  brought 
together.  At  the  same  time,  references  are  given  to  various  periodicals 
in  which  certain  portions  of  the  Collection  may  be  found  described  in 
detail. 

It  is  convenient  to  describe  the  specimens  in  the  order  of  the  cases^ 
in  which  they  are  contained,  and  a  rough  sketch-plan  of  the  Museom 
is  appended  in  which  the  cases  are  marked  with  numerals  from 
1-10. 

Thus,  on  entering  the  Museum,  there  will  be  found  immediately  to^ 
the  left,  a  wall-case  (l^o,  1)  containing  (besides  some  bones  of  the 
skeleton  possessing  no  special  anthropological  importance)  a  series  of 
modern  European  crania,  of  which  the  following  are  the  most 
interesting : — 

(a)  Two  skulls  of  Finlanders  presented  by  Professor  Retzius.  The 
interest  of  these  specimens  lies  in  the  fact  that  there  has  been  a 
difficulty  in  determining  the  precise  relationship  of  the  Finns  Uy 
other  European  nations,  some  Mongolian  affinities  having  been 
suspected. 

(b)  The  skulls  of  Lapps  are  also  of  interest  in  consideration  of  the 
obscure  relationships  of  that  race ;  and  the  similarity  of  these  skulls 
to  certain  crania  of  Savoyard  origin  is  marked. 

(c)  A  cast  of  the  cranium  of  King  Robert  Bruce  will  be  found 
here ;  and  that  the  statement  repeated  by  various  authors  as  to  the 
Neanderthaloid  characters  presented  by  it,  rest  on  a  slender  basis, 
will  be  seen  on  reference  to  the  next  case,  No.  2,  which  stands 
beyond  the  wall-case  containing  the  preceding  specimens,  and  contains 
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(ilaster  models  of  the  cnuia  of  some  of  the  classical  examples  of  pre- 
historic man ;  among  which  will  be  found  the  following,  referablti  to 
Palteolithic    Man — viz. :    the   Neandertbetl,  Spy,  and  Engis  crania ; 


{'0  Aboriginal  Australian  (2115).  (f>)  Aboriginal  THsniaiiian  {iWi). 


*nd  of  those  of  later  date  :  the  Cro-^Iagnon  skull  (early  Neolithic 
period).  Furthermore  there  ia  a  cast  of  the  Calvaria  found  by  Dr 
Dubois  in  the  Pliocene  strata  of  Trinil,  Java;  it  is  attributed  by  its 


(.0  F'^maU  (334-J).  '0  Mnlt  (3324). 

Fiii.  2.— Natives  of  Nbw  Britiiu  {iruUii  Coll.). 

a  fonu  known  as  Pitliecaiit/iro/Dis  frpclun,  which  is 
justifiably  aupposed  to  represent  a  precursor  of  ilan.  A  cast  (2101) 
shows  the  tranium  of  an  ^iustralian  aboriginal  with  some  very 
pithecoid  features. 
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Turning  back  from  case  No.  2  towards  the  door,  there  will  be 
found  a  case  (No.  3)  containing  a  variety  of  skulls,  of  which  the 
following  are  on  that  aspect  of  this  case  facing  the  door : — 

(a)  The  crania  of  aborigines  of  Tasmania  (a  race  now  extinct ;  d, 
Nos.  2096-2100);  and  in  close  proximity  to  these, 

(6)  The  crania  of  Australian  aborigines — Nos.  2101-214  (for  crania 
of  Tasmania  and  Australian  aborigines,  see  fig.  1);  with  the  latter 
are  three  specially  prepared  heads  of  Australian  natives,  showing 
the  wavy  (not  woolly)  nature  of  the  hair,  and  the  plentiful  beard; 
No.  2115  (r/.  fig.  1)  shows  an  extreme  degree  of  prognathism,  a 
character  very  constant  in  aboriginal  Australians  (ref.  No.  1). 

(c)  Melanesian  crania,  especially  the  "  Willey  Collection  "  (brought 
to  Cambridge  by  A.  Willey,  Esq.,  M.A.,  late  Balfour-student),  from 
the  Melanesian  island  of  New  Britain,  occupy  much  of  the  remaining 
space  on  this  aspect  of  case  No.  3.  The  following  are  points  of 
interest  in  connection  with  this  (otherwise)  very  homogeneous  group : 
(i.)  the  great  difference  sometimes  met  with  in  the  crania  of  the  two 
sexes  {('f.  fig.  2,  crania  Nos.  3342  and  3324) ;  while  in  other  instances 
the  difficulty  (so  marked  in  the  case  of  the  crania  of  African  negro 
races)  of  assigning  the  correct  sex  to  a  skull,  occurs;  (ii.)  notice  the 
specimen  No.  3324  {f'f,  fig.  1),  for  besides  its  generally  ma6si?e 
character,  it  is  peculiar  in  having  an  erupted  and  displaced  fragment 
of  a  tooth  on  the  margin  of  the  nasal  aperture.  No.  3384  shows  a 
similar  condition. 

The  foregoing  (New  Britain)  specimens  may  be  regarded  as  typical 
examples  of  the  Oceanic-negro  race^  '       ' 

(iX)  With  the  preceding  may  be  contrasted  skulls  of  Polynesian 
origin  as  represented  by  the  Kanakas  (ref.  2),  by  the  skulls  brought 
by  J.  S.  Gardiner,  Esq.  (Fellow  of  Caius  College),  from  the  island  of 
Kotuma  (see  fig.  3,  and  Nos.  1809-1817),  and  by  the  well  authenti- 
cated series  of  ten  crania  of  the  Mori-ori,  a  people  formerly  inhabiting 
the  Chatham  Islands,  but  now  practically  extinct.  It  must  be 
admitted  that  authors  are  not  entirely  in  agreement  as  to  the  affinities 
of  the  Mori-ori.  The  contrast  in  skull  form  is  one  of  a  series  whereby 
the  Polynesians  are  distinguished  from  their  Melanesian  neighbours ; 
it  must  not  be  forgotten  that  many  intermediate  forms  are  met  with. 
By  taking  extremes,  the  Polynesian  skull  is  distinguished  from  the 
Melanesian  by  its  greater  capacity,  greater  breadth,  greater  parietal 
eminences,  less  massive  brow-ridges,  and  higher  orbits. 

The  Polynesian  group  contains  three  skulls  of  Maories,  and  four 
crania  from  Kaiatea,  but  otherwise  is  not  so  complete  as  the  Melanesian 
series.  The  next  specimens  wortliy  of  note  are  three  crania  from 
Madagascar  (Nos.  1783,  1785),  representing  two  of  the  cranial  forms 
met  with  in  that  island,  whereof  one  is  a  modification  of  the  skull 
form  commonly  found  among  the  Bantu  races  of  Africa  (ref.  4).  The 
African  skulls  will  be  found  on  that  aspect  of  this  case  (No.  3) 
furthest  removed  from  the  door,  and  comprise  examples  of  *  West 
Coast '  negroes,  of  Kaflftrs,  of  the  Bush  and  Hottentot  races  of  the 
Cape  (ref.  5,  6,  7),  of  Central  African  negroes  and   the  specimens 
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from  the  battlefield  of  Tel-el-Kebir.  The  latter,  which  we  owe  to 
the  interest  of  Messrs  I^igh-Snjith  and  Green,  of  Jesus  College, 
include  certainly  two  crania  referable  to  a  negro  origin,  although 
others  of  the  series  are  skulls  of  Egyptian  Fellaheen.  The  collection 
of  African  skulls  has  been  further  augmented  by  the  Guanche  crania 
from  Teneriffe  (ref.  8),  and  by  the  enormous  collection  of  crania  of 
inhabitants  of  Egypt  {ref.  12),  ancient  and  modern,  which  will  be 
mentioned  later.  But  the  case  under  consideration  also  contains  crania 
from  Syria  (notice  the  specimen  1237  for  an  example  of  occipital 
flattening  probably  of  artificial  origin,  ref.  25),  of  jews  (probably 


from  Holland),  and  a  fine  series  of  crania  of  Punjabis,  presented  by 
Dr  Havelock  Charles,  and  described  by  Professor  Macalister,  assisted 
by  Messrs  E.  M.  Corner  and  R.  J.  Horton-Smith  (ref.  9). 

The  two  skulls  (Xos.  1204  and  1205)  from  Nagyr  in  the  Gilgit 
district  of  Central  Asia  may  be  noticed.  These  rare  specimens  were 
obtained  by  Sir  W.  51,  Coliway  during  hia  exploration  of  the  moun- 
tain peaks  of  the  Himalaya  and  Hindu-Kuah  (ref.  10),  They 
are  of  undoubtedly  Caucasian  type,  and  present  no  trace  of  Mongolian 
features;  herein  they  afford  contrasts  with  cranial  forms  to  be  met 
with  further  east,  e.g.,  in  Ladakh,  and  in  Eastern  Turkestan  (>•/.  a 
skull  from  the  Macartney  collection  deposited  in  this  Museum). 
Lastly,  a  skull  from  Kamschatka  may  be  referred  to  as  exempli- 
fying a  race  but  seldom  represented  in  collections  (rf.  ref,  18),  Case 
No.  4  is  entirely  occupied  by  Egyptian  crania,  among  which  will  be 
found  representatives  of  the  inhabitants  of  Egypt  under  the  Dynasties 
y.  and  xviii,,  also  of  the  date  of  the  Eomau  occupation,  and  lastly 
Egyptians  of  modem  times.     For  these  specimens  the  UniTersity  is 
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indebted  to  Professors  Budge  and  Flinders  Petrie,  as  well  as  to  F.  W. 
Green,  KA.,  of  Jesus  College.  The  whole  aeries  has  for  some  time 
past  been  under  examination  by  Professor  Macalister,  tbough  tbe 
results  of  tbe  iuTestigatiou  have  not  yet  been  made  available.  The 
example  of  Egyptian  cranium,  represented  in  fig.  4,  exemplifies  tbe 
condition  known  as  scaphocephaly,  since  the  cranial  vault  is  here 
found  to  have  assumed  a  keel-shaped  or  scaphoid  form. 

The  contents  of  the  long  case  (Xo.  5j  running  down  the  centra  of 
the  Museum  are  a  number  of  skeletona,  of  which  tliose  of  abori- 
ginal Australians  (at  the  end  nearest  the  window)  are  noteworthy, 
No.  33  showing  the  form  of  pelvis  (compressed  laterally)  met  with  in 


Fici.  4.— Egyptian, 

males  of  this  race.  "With  this  pelvic  form  may  be  contrasted  tint  of 
the  Eskimo  woman  (Xo.  1873),  The  origin  of  the  two  skeletons  of 
individuals  of  the  Bush  race  of  South  Africa  is  not  exactly  known, 
but  they  present:  features  not  altogether  typical  of  that  race  (for  tbe 
skulls  of  which  ':;'.  specimens  Xo.  1738  et  seq.  in  case  No.  3),  itf 
the  remaining  skeletons  that  of  Madame  Barre '  is  worth  notice ;  then 
follow  skeletons  of  East  Angliana  from  near  Cambridge  (ref.  16),  and 
lastly  a  most  valuable  specimen — viz.,  the  skeleton  of  au  individual  of 
the  Long  Barrow  race,  which  is  referred  to  the  Neolithic  period  in 
this  country.  This  skeleton  forms  part  of  the  well-knowu  Thumam 
Collection,  which  was  secured  for  the  University  by  Professor  Hum- 
phry, and  which  comprises  a  lai^e  series  of  crania  of  the  inhabitants 
of  Britain  from  the  Xeolithic  period  onwards. 

In  the  case  No,  6  will  be  found  another  great  collection  of  skullsof 
Egyptians,  chiefly  of  the  periods  following :  Dynasty  xii.  (Memphis, 

*  "  Madame  Burr,  a  distinguislied  Frencli  lady,  who  bequeathed  her  Ix><|T '^ 
me.'' — Macaitnej.  (Descriptive  not«s  of  the  Macartncj  Collectioti.]  Ibii 
skeletoD  ii  therefore  evidently  rot  that  of  Madame  Barry,  the  fimons  idns* 
of  the  eighteenth  century  and  rival  of  Mrs  Siddons. 
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So3.  1254-1362,  Aswan,  Nos.  1364-1459,  Oumah,  Nos.  1509-1510), 
■and  Dynasty  xxiL  (Balsamum  near  Deahasheh,  Nos.  3141-3258),  and 
with  these  two  or  three  mummified  heads  may  be  obsurved,  e.g^  tliat  of 
«  lady  with  hair  of  an  unusual  d^tee  of  blondness ;  those  of  a  physi- 
■eiau,  and  of  a  priest;  as  was  evidenced  by  the  characters  on  the 
,  wrappings  and  casings  which  have  been  removed. 

In  the  case  No.  7  will  bo  found  (on  the  aspect  facing  the  dooi)  the 
extensive  Hutchinson  collection  of  crania  of  Peruvians  {rf.  fig.  5),  of 
which  some  (No.  1987)  show  the  effects  of  cranial  deformation  in  a 
marked  degree.  With  these  are  arranged  a  few  prehistoric  crania 
from  Jamaica,  presenting  forms  and  deformations  not  unlike  the  pre- 
ceding examples.     In  the  same  cat^e  ;ire  a  number  of  crania  of  the 


Fio.  6.— Peravian  (HtUehinaon  Coll). 


Eskimo  from  Greenland  and  from  Labrador,  for  some  of  which  the 
University  is  indebted  to  Dr  Curwen,  of  St  John's  College  (ref.  13, 
and  fig.  6). 

Lastly,  tliere  may  be  noticed  a  series  of  crania  from  Vancouver's 
Island  and  British  Columbia  (which  also  illustrate  the  effects  of 
artificial  modification  of  cranial  form  in  infancy),  and  a  few  skulls  of 
North  American  Indians.  On  the  further  side  of  the  same  case  are 
placed  the  crania  of  inhabitants  of  the  British  Isles,  and  here  many 
specimens  of  the  Thurnam  Collection  will  be  found  (notice  No.  551 
as  an  example  of  the  Saxon  type  of  cranium  and  No.  468  as  that  of  a 
Briton).  These  crania  may  well  be  considered  in  connection  with  the 
contents  of  the  large  wall-case  No.  9,  in  which  will  be  found  repre- 
Bentativee  of  several  classical  epochs  in  the  history  of  human  culture 
in  this  land.  Thus  we  find  the  Long  Barrow  race  (already  mentioned 
as  referable  to  the  Neolithic  period),  with  characteristically  long 
narrow  akull  and  countenance.    To  this  succeeds  the  Round  Barrow 
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race  with  broad  round  ekull  and  broader  countenance.  This  becomes 
merged  in  the  British  race  of  the  Koman  Conquest,  and  the  latter  in 
the  Saxon  and  Anglian  types,  to  which  the  crania  found  at  Brandon 
(and  recognisable  bj  the  dark  brown  staining  they  have  received  from 
the  soil)  seem  to  be  referable  as  local  varietiee,  A  few  Saxon  cmnia 
from  Goring  will  be  found  in  the  small  wall-case  (10)  (note  No.  666 
and*-/,  ref.  U  and  15). 

There  remain  the  contents  of  the  wall-case  8,  which  immediately 
faces  the  doorway.  This  case  is  devoted  to  examples  presenting  con- 
formations that  depart  from  the  ordinary  or  normal  type  (refs.  19,  20, 
21).  There  may  be  noticed  the  presence  of  a  large  wormian  bone  at 
the  lambda  (os  incae,  from  its  sup])oaed  confinement  to  skulls  of  that 
race)  in  both  English  and  Peruvian  crania.     Division  of  the  malar 


Fui.  6,— Esquimaux  (1832). 

bone  is  seen  in  skulls  of  an  East  Anglian  and  a  Peruvian  respectively. 
Pressure  deformations  of  artificial  origin  are  seen  in  the  crania  of  » 
"N'sQCOuvei  islander,  an  .Avar,  and  a  native  of  Mallicollo  respectively, 
the  latter  two  being  very  similar;  lastly  an  example  of  native- 
trephining  may  be  noticed — viz.,  No.  1904,  with  which  compare  tlie 
New  Britain  cranium  No.  3340  in  cose  3. 

In  the  end  bay  case  of  No.  8  are  placed  crania  of  the  bathro- 
cephalic,  akrocephaiic,  Bcaphocephaiic,  and  hydrocephalic  varieties ; 
whereof  the  latter  three  may  be  ascribed  to  defective  growth  of  tb& 
cranium,  and  with  these  may  be  compared  two  examples  of  micro- 
cephalic crania. 

Professor  Macalister  has  quite  recently  completed  the  arrangement 
of  a  new  case  in  the  '  Bone-room  '  of  the  ^luseum  for  the  exhibitioD 
of  specimens  illustrating  KoUmann's  '  types,'  and  certain  cranial 
abnormalities ;  of  the  latter.  No.  ■lii!<&  presents  the  characteristics  of 
the  microcephalic  akull  in  a  very  marked  degree  (ref.  17). 


PLAN   OF  MUSEUM  of  HUMAM  ANATOMY. 

CONTAINING       THE 
ANTHROPOLOGICAL     COLLECTION. 


EKTMKa  DOOK 


ANATOMICAL   SOCIETY  OF   GBEAT  BKITAIN  AND  IRELAND,      xli 

It  may  be  repeated,  in  conclusion,  that  the  present  account  deals 
with  a  mere  selection  of  some  of  the  most  interesting  of  the  specimens, 
which  aie  now  numbered  by  thousands. 


REFERENCES  TO  DESCRIPTIONS  OF  SPECIMENS  IN  THE 
CAMBRIDGE  MUSEUM.    (With  Plan.) 

(1)  AusTKALiAN  ABORUiiNEs :  A  Critical  Study  of  Skulls  of.     W.   L.    H. 
Duckworth,  M.A.,  Jour,  of  the  Anthrop.  Inst.,  May  1894,  Feb.  1895,  Nov.  1897. 

(2)  Kanakas.— Prof.  Alex.  Macalister,  F.R.S.,  Jour,  of  Anat.  and  Phya., 
Jan.  1898. 

(3)  RoTUMA. — J.  S.  Gardiner,  ALA.,  Jour,  of  the  Anfhrop.  InsL,  Oct   1898. 
(Describes  how  the  skulls  were  obtained.) 

(4)  Madaoascak  Crania. — W.  L.  H.  Duckworth,  M.A.,  Jour,  of  the  Anthrop. 
Inst.,  Feb.  1897. 

(5)  South  African  Grant  A.— F.  Shrubsall,  B.A.,  Jour,  oftheAMhrop.  Inst., 
Nov.  1898. 

(6)  Crania  of  Bush  Races.— P.  Shrubsall,  B.A.,  Jour,  of  the  Anthrop.  Inst., 
1897. 

(7)  Crania  from  AsHANTr.— F.  Shrubsall,  B.A.,  Jour,  of  the  A7ithrop.  Inst., 
Nov.  1898. 

(8)  GuANCHE  Crania. — F.  Shrubsall,  B.A.,  Proe.  Qimb,  Phil.  Soc,  vol.  ix. 
part  3. 

(9)  Punjabi  and  Bengali  Crania. — Prof.  Macalister,  E.  M.  Corner,  R.  J. 
Horton-Smith,  M.A.,  Proc.  Camb.  Phil.  Soc.,  Apr.  29,  1895. 

(10)  Nagyr  Crania.— W.  L.  H.  Duckworth,  M.A.,  Jour,  of  the  Anthrop, 
Inst,,  Nov.  1898. 

(11)  Moor  Crania  from  Ceylon. — E.  M.  Comer,  M.A.,  Jour,  of  Anat.  and 
Phys.,  July  1898. 

(12)  Egyptian  Crania. — W.  S.  Melsome,  M.D.  (unpublished). 

(13)  Eskimo  Crania. —AV".  L.  H.  Duckworth,  M.A.,  Jour,  of  the  Anthrop. 
Inst.f  Aug.  1895. 

(14)  Saxon  Crania. — R.  J.  Horton-Smith,  M.A.,  Jour,  of  the  Anthrop.  Inst., 
Nov.  1896. 

(16)  Brandon  Crania.— C.  S.  Myers,  B.A.,  Jour,  of  the  AMhrop.  hist,, 
Nov.  1896. 

(16)  East  Anglian  Skeletons. — W.  L.  H.  Duckworth,  M.A.,  Camh.  Ant. 
Soc,  12th  Feb.  1894. 

(17)  Microcephalic  Cranium. —Rev.   C.   Kempson,  M.A.,  Jour,  of  AiuU, 
and  Phys.,  Jan.  1898. 

(18)  Cranium  from  Kamschatka. — Prof.  Macalister,  Jour,  of  the  Anthrop, 
Inst.,  1887. 

(19)  Divided  Parietal  Bone. — ^E,   Barclay-Smith,   M.D.,   Jour,  of  AncU, 
and  Phys.,  vol.  xxxiii. — Proe.  Anat.  Soc,  p.  xxiv. 

(20)  Malar  Bone  exhibiting  Intra-jugal  Arch. — E.  Barclay-Smith,  M.D., 
Jwir.  of  Anat:  and  Phys.,  vol.  xxxii. — Proc.  Anat.  Soc.,  p.  xl. 

(21)  Placjiocephalic  E(}YFriAN  Skull. — E.  Barclay-Smith,  M.D.,  Jour,  of 
Anat.  and  Phys,  vol.  xxxii. — Proc.  Anat.  Soc.,  p.  xxvi. 

(22)  Abnormal  Cervical  Vertebk*. — A.  S.   Grtlnbaum,   M.D.,   Jour,   of 
Anat.  and  Phys.,  vol.  xxv. 

(23)  Paramastoid  Processes.— A.  S.  Grtinbaum,  M.D.,  Jour,  of  Anat,  and 
Phys.,  vol.  xxv. 

(24)  Separation  of  Os  Styi.oideum. — E.    Barclay-Smith,   M.D.,  Jonr,   of 
Anat.  and.  Phys,  vol.  xxvii. — Pror,  Anat.  Soc,,  p.  xxxvii. 

(25)  Skull  from  Damascus. — W.   L.   H.   Duckworth,  M.A.,  Jour,  of  the 
Anthvfyp,  Inst.,  Aug. -Nov.  1899  (figs,  of  No.  1237). 
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(7)  Dr  Barclay  Smith  exhibited  a  representative  collection  of  ihe 
Worh'8  of  Early  BritUh  Anatomists^  supplying,  at  the  same  time,  the 
following  list,  with  notes : — 

1.  *'Comj)€ndiosB  totius  Anatomi»B  delineatio."  Thos.  Geminnm.  London, 
1659.  A  scarce  and  very  valuable  book.  Tlie  very  excellent  copperplates  arc 
reproductions  of  von  Calcar's  drawings  in  illustration  of  Vesalius'  Anatomy, 
of  which  tbe  book  is  largely  a  transcript.     (Lent  by  tlie  Univ.  Lib.,  K.  7,  15.) 

2.  *'A  most  excellent  and  learued  Woorke  of  Chirugerie,  ....  and  in  the 
ende  a  compendious  worke  of  Anatomie."  John  Halle.  Loudon,  1565.  The 
expostulation  to  students  in  verse  is  worthy  of  note.  (Lent  by  the  Univ.  Lib., 
K.  10,  54.) 

3.  "  A  profitable  treatise  of  the  Anatomie  of  man's  body."  Thomas  Vicaiy. 
London,  1577.  This  is  the  second  edition.  The  first  edition  was  published  ahoot 
1548,  but  a  copy  of  it  has  yet  to  be  found.  (Lent  by  the  Univ.  Lib.  Adams  8, 
57,  7.) 

Geminus,  Halle,  and  Vicary  were,  with  the  exception  of  the  section  dealing 
with  the  subject  in  the  '  De  proprietatibus  rerum '  of  Bartholomeus  Glanville, 
the  first  anatomical  works  published  in  England. 

4.  *'  Microcosmographia."  Helkiah  Crooke.  London,  1618.  A  i-are  book. 
Crooke's  anatomical  descriptions  are  not  only  original  in  their  treatment,  bat  he 
adds  interest  to  the  subject  by  his  entertaining  philosophical  reflections.  (Lent 
by  E.  B.  S.) 

5.  **  The  Englishman's  Treasure."  Thos.  Vicary.  London,  1626.  (Lent  by 
the  Univ.  Lib.,  K.  11,  16.)    This  is  a  later  edition  of  the  *'  Profitable  treatise." 

6.  "A  description  of  the  Body  of  man."  Alexander  Bhead.  London,  1634. 
(Lent  by  the  Philosoph.  Lib.,  L.  12,  14.) 

.7.  *'  Collegium  physicum  disputationibns  xxxii.  absolutnm."  Franc.  Bar|irer. 
dicius.  Cambridge,  1650.  Contains  a  dispntation  on  monsters.  Vide  p.  261. 
(Lent  by  E.  B.  S.) 

8.  "  Corporis  Humani  Disquisitio."  Nathaniel  High  more,  M.D.  Oxon. 
HagoB-Comitis,  ex  officina  Samuelis  Brown.  Bibliopolse  Anglici,  1651.  This 
was  Highmore's  first  published  work,  and  the  only  one  he  wrote  dealing  witli 
Anatomy,  his  subsequent  writings  treating  of  Hysteria.  For  description  of 
maxillary  antrum,  vide  p.  226,  of  mediastinum  testis,  p.  91.  (Lent  by 
E.  B.  S.) 

9.  "Anatomical  Exercises."  William  Harvey.  London,  1658.  The  first 
work  of  Harvey's  published  in  England.  A  copy  of  this  edition  was  sold 
recently  at  public  auction  for  £40.     (Lent  by  the  Univ.  Lib.,  K.  12«  58.) 

10.  **  Microcosmographia,"  Robert  Turner.  London,  1654.  (Lent  by  the 
Univ.  Lib.,  K.  12,  75.) 

11.  ''Anatomia  Hepatis."  Francis  Glisson.  London,  1654.  (Lent  by  the 
Univ.  Lib.,  K.  10,  51.) 

12.  *'  Adenographia."  Thos.  Wharton.  TiOndon,  1656.  For  description  of 
duct,  vide  p.  129.     (Lent  by  the  Univ.  Lib.,  K.  12,  7.) 

13.  '*  De  Cordis  et  Sanguinis  Motu."  William  Harvey.  London,  1661.  The 
first  edition  of  this  work  published  in  England.     (Lent  by  £.  B.  S.) 

14.  "  Exercitationes  Anatomicse."  Robert  Bayfield.  London,  1668.  (Lent  by 
the  Univ.  Lib.,  K.  18,  113.) 

15.  "De  Auima  Brutorum."  Thomas  Willis.  Oxford,  1672.  One  of  bis 
earliest  works.     (Lent  by  Prof.  Macalister.) 

16.  "Tractatusde  Ventriculo."  Francis  Glisson.  London,  1677.  (Lent  by 
the  Univ.  Lib.,  K.  10,  1.) 

17.  "  Exercitationes  de  difi'erentiis  et  nominibus  Animalium.'*  Walter 
Charleton.  Oxford,  1677.  Charleton  was  a  Cambridge  man  who  migrated 
to  Oxford.  He  served  as  President  of  the  Royal  College  of  Physicians.  (Lent 
by  the  Univ.  Lib.,  Hh.  2,  57.) 

18.  "A  description  of  the  rarities  })re8erved  at  Gresham  College,  and  Com- 
parative Anatomy  of  the  Stomach  and  Guts."  Nehemiah  Grew.  London,  1681. 
(Lent  by  E.  B.  S.) 

19.  "Ophthalmographia."  William  Briggs.  Cambridge,  1685.  (Lent  by 
the  Univ.  Lib.,  K.  12,  76.) 
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20.  "  Osteologia  Nova."  2nd  edition.  Cloptou  Havers.  London,  1691. 
(Lent  by  the  Univ.  Lib.,  K.  11,  7.) 

21.  ''Anatomy  of  Humane  Bodies  epitomised.''  Thos.  Gibson.  London,  1694. 
2nd  edition.  The  first  edition  was  published  in  1682  anonymously.  (Lent  by 
the  Univ.  Lib.,  K.  10,  3.) 

22.  "Anatomy  of  the  Brain."  H.  Ridley.  London,  1696.  (Lent  by  the 
Univ.  Lib.,  K.  10,  20.) 

28.  **MyotomiaReformata.''  William  Gowper.  London,  1694.  1st  edition. 
(Lent  by  Prof.  Macalister.) 

24.  **  Essays  of  Anatomy."  Beddevole.  London,  1696.  (Lent  by  the  Univ. 
Lib.,  K.  12,  63.) 

26.  ''Myographia  Nova."  John  Browne.  London,  1697.  2ud  edition. 
First  edition  published  1684.  Browne  was  surgeon  to  William  III.  and  to  St 
Thomas'  Hospital.  In  the  preface  he  states:  "  I  am  obliged  to  take  notice  of  a 
rude  reflection  made  upon  me  and  my  first  book  by  one  Mr  Cowper  who  has 
wrote  somewhat  on  this  subject,  who  in  his  preface  is  pleased  to  stile  it  a  most 
erroneous  collection  of  other  men's  mistakes.  ...  I  have  taken  all  imaginable 
care  to  imitate  Nature  in  my  figures  so  far  as  can  be  expressed  by  art,  and  am 
not  ashamed  to  say  that  this  design  of  mine  is  new  and  therefore  no  ways 
borrowed  from  any  other  hand,  etc'  Cowper  {vide  No.  34)  had  apparently  full 
justiHcation  for  his  strictures,  for  if  Mr  Browne's  plates  be  compared  with  those 
of  Julius  Casserius  {vide  No.  26),  it  is  obvious  that  the  former  are  bad  copies  of  the 
latter,  though  modified  either  by  the  side  of  the  body  to  which  the  part  belongs 
being  reversed,  or  by  alteration  of  the  surrounding  landscape,  or  by  some  sliglit 
change  in  position.  As  far  as  can  be  seen  the  only  claim  which  Bn)wne  can  make 
to  originality  rests  on  the  fact  that  he  engraved  the  names  ou  the  muscles  them- 
selves  instead  of  indicating  them  by  reference  letters.  In  his  elenchus  of  authors 
consulted ,  h  3  veils  the  name  of  Casserius  undei*  the  title  J.  C.  Placen tinus.  Browne, 
however,  seems  to  have  acouired  some  considerable  reputation  on  the  strength  of 
this  work,  as  it  was  published  at  Lerden  in  1687  and  1693.  Further,'  it  was 
translated  into  German  and  annotated  by  Christ,  Maximil.,  Speners,  being  ]>ub- 
lished  at  Berlin  in  1704  and  at  Leipzig  in  1716.  Also  vide  Conr.  Sam.  Schwiz* 
Aeischii.  Epistol.  ait^n.,  Tom.  1,  p.  68,  *' Brown  medicus  est  omni  excbptione 
major,  cuius  historia  muaculonim  nihil  accuratius  exiiiit  in  lucem,  adeo,  ut 
Bartholini  auditores  obstupescerent  cum  eum  virum  audirent  differeutem."  It  is 
hardly  conceivable  that  the  author  of  the  above  can  have  been  acquainted  with 
the  beautifully  executed  plates  of  Casserius.     (Lent  by  E.  B.  S.) 

26.  ''Spigelius."  Amsterdam,  1646.  Containing  the  plates  of  Julius  Cas- 
serius for  comparison  with  No.  24.     (Lent  by  fi.  B.  S.) 

27.  "The  Anatomy  of  Humane  Bodies."  Will.  Cowper.  Oxford,  1698. 
(Lent  by  the  Philosoph.  Lib.,  B.  2,  U.) 

28.  **  Orang-Outang,  or  the  Anatomy  of  a  Pygmie.'*  Edward  Tyson. 
London,  1699.     (Lent  by  the  Philosoph.  Lib.,  £.  2,  66.) 

29.  **  Glandularum  quarundam  nuper  detectarum  Descriptio."  William 
Cowper.  London,  1702.  This  is  Cow^r's  original  description  of  the  glands 
associated  with  his  name.  The  work  is  interesting,  as  it  contains  (p.  21)  a 
letter  written  by  Cowper  to  Bidloo  {vide  No.  34)  full  o(  vitu|>erativo  sarcasm. 
(LentbyE.  B.  S.) 

30.  •*  Anatomy  of  the  Humane  Body."  James  Keill.  London,  1703.  2nd 
edition.     (Lent  by  the  Univ.  Lib..  K.  12,  60.) 

81.  '*  Anthropologia  Nova."  James  Drake.  London,  1707.  Drake  was  in 
turn  playwright,  politician,  pamphleteer,  and  anatomist !  (Lent  by  the  Univ. 
Lib.,  K.*10,  10.) 

32.  "Anatomy  of  the  Humane  Body."  W.  Cheselden.  London,  1722:  2nd 
edition.     (Lent  by  Prof.  Macalister. ) 

33.  "  Anatomy  improved  and  illustrated  with  regard  to  the  uses  in  designing, 
demonstrated  from  the  most  celebrated  antique  statues  in  Rome."  Under  the 
care  of  Cbas.  Errard.  The  dissections  by  Bero.  Genga.  Explanations  by 
Lancissi.  Firat  published  at  Rome  by  Dom  di  Rossi,  and  now  re-engraven  and 
republished  by  John  Senex.     Loudon,  1723.     (Lent  by  E.  B.  S.) 

34.  "Myotomia  Reformata."  William  Cowper.  London,  1724.  2nd  edition. 
The  first  edition  {vide  No.  23)  was  published  in  the  author's  lifetime.     This,  the 
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2nd  and  more  sumptuous  edition,  was  published  under  the  editorship  of  Richard 
Mead.  This  is  the  Mead  who  animadverted  on  Browne's  "  Myographia  Nova.** 
In  the  preface  (p.  6)  occurs  the  following :  "That  many  that  have  lately  written 
on  this  subject,  especially  our  English  writei-s,  have  rather  increased  Uian 
diminished  former  errors,  and  jiarticnlarly  that  treatise  of  Mr  William  Molina 
and  that  most  erroneous  one  of  John  Browne,  are  chiefly  collections  of  the  mis- 
takes of  others."  Cowper,  however,  was  scarcely  in  a  position  to  criticise 
Browne,  as  he  himself  was  a  plagiarist  of  the  deepest  dye,  cribbing  without 
compunction  from  Bidloo,  to  such  an  extent  that  the  latter  wrote  a  letter  to  the 
Royal  Society  com]>laining  of  the  treatment  he  had  received  at  his  hands. 
Also  vide  No.  29.     (Lent  by  E.  B.  S.) 

35.  <'Oste«graphia."  WiUiain  Gheselden.  London,  1733.  This  is  the  first 
edition.  It  w  remarkable  for  the  excellence  of  its  type  and  of  its  plates,  probaUj 
the  finest  ever  used  for  a  work  on  Anatomy.  In  the  preface  Gheselden  states : 
"This  volume  was  offered  by  subscription  at  four  guineas,  with  a  promise  that 
none  should  be  sold  afterwards  for  less  than  six.  .  .  .  This  volume  is  made  above 
twenty  per  cent,  better  than  the  subscription  pro^iOBal.  There  are  no  more  printed 
in  English  than  three  hundred,  ....  the  plates  shall  be  destroyed  that  the 
price  of  the  book  may  never  sink  in  the  possession  of  the  subscribers."  It  met 
with  severe  criticism  at  the  hands  of  John  Douglas,  who  published  *'  Animad- 
versions on  a  late  published  book  entitled  Osteographii "  in  1735.  (Lent 
by  E.  B.  S.) 

36.  The  MSS.  Note-book  of  a  Student  1784.  Copiously  illustrated  with  draw- 
ings,  chiefly  pen  and  ink,  remarkable  for  the  boldness  of  their  execution  and  the 
srtistic  excellence  displayed.     (Lent  by  £.  B.  S.) 

37.  "Medicina  Gymnastica."  Francis  Fuller.  London,  1740.  (Lent  by  the 
Philosoph.  Lib.,  L.  10,  42.) 

38.  Knapton's  Edition  of  Albinus.  London,  1749.  (Lent  by  Prof. 
Macalister. ) 

39.  *'  Omiiendiam  Anatomico-medicum."  Charles  GoUignon.  OLmbri<ige, 
1756.  Contains  synopses  of  his  lectures.  GoUignon  was  Professor  of  Anatomy  at 
Cambridge,  1763-1785.     (Lent  by  the  Univ.  Lib.,  V.  10,  7.) 

40.  "Medical Commentaries.'*  William  Hunter.  London,  1762.  Interesting, 
as  it  contains  the  account  of  Hunter's  dispute  with  Monro  of  Edinburgh  re> 
^rding  priority  for  the  description  of  the  testicular  lymphatiot.  (Lent  by 
£.  K.  S. ) 

41.  "  Myographiee  Comparatse  Specimen."  J.  Douglas.  London  and  Edin- 
burgh, 1763.     (Lent  by  the  Philosoph.  lib.,  L.  14,  33.) 

42.  '*  An  enquiry  into  the  structure  of  the  Human  Body."  Ghas.  (Dollignon. 
Cambridge,  1764.     The  gift  of  the  author.     (Lent  by  the  Univ.  lib.,  V.  11,  65.) 

43.  Complete  Edition  of  Harvey's  works,  edited  by  the  College  of  Physadans, 
London,  1766.     (Lent  by  E.  B.  S.) 

44.  "A  practical  treatise  on  Wounds,  etc."  B.  (Sooch.  Norwich,  1767.  In 
3  vols.  In  Vol.  II.  may  be  found  a  fairly  good  resunU  of  the  rise,  progress,  and 
present  state  of  Anatomy.     (Lent  by  E.  B.  S.) 

45.  *'  De  anima  mcdica  pnelectio."  A.  F.  NichoUs.  London,  1773.  (Lent 
by  the  Philosoph.  Lib.,  M.  14,  12.) 

46.  *'  The  Anatomy  of  the  Human  Body."  W.  Gheselden.  London,  1778. 
11th  edition.     (Lent  by  Prof.  Macalister.) 

47.  "The  Anatomy  of  the  Human  Body."  Sam  Foart  Simmons.  London, 
1780.     (Lent  by  the  Univ.  Lib.,  V.  14,  62.) 

48.  "Observations  on  the  Nervous  System."  Monro.  Edinburgh,  1783. 
Richard  Partridge's  copy.     (Lent  by  E.  B.  S.) 

49.  "Observations  on  the  Nervous  System."  Monro.  Edinburgh,  1783. 
Sir  G.  M.  Humphry's  copy.    (Lent  by  the  Philosoph.  Lib.,  B.  4,  9.) 

50.  "Two  intrcMiiuctory  lectures  delivered  to  his  last  course  of  Anatomical 
lectures  at  his  theatre  in  Windmill  Street,  as  they  were  left  corrected  for  the 
Press  by  himself.  To  which  are  added  some  papers  relating  to  Dr  Hunter's 
intended  plan  for  establishing  a  Museum  in  London  for  the  improvement  of 
Anatomy,  etc."    William  Hunter.     London,  1784.     (Lent  by  £.  B.  S.) 

51.  "  Observations  on  certain  parts  of  the  animal  economy."  J.  Hunter. 
London,  1786.     (Lent  by  E.  B.  S.) 
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52.  "  Anatomical  Instructor.'*  Thomas  Pole.  London,  1790.  (Lent  by  the 
Philoaoph.  Lib.,  L:  12,  15.) 

68.  '' A  System  of  Comparative  Anatomy.'*  B.  Harwood.'  Cambridge,  1796. 
Sir  Buswick  Harwood  was  Professor  of  Anatomy  at  Cambridge  1785-1814.  (Lent 
by  E.  B.  S.) 

54.  *' Anatomy  of  the  Human  Body."  John  BeU.  London,  1797.  2  vols. 
2nd  edition.     (Lent  by  Prof.  Macalister.) 

55.  Abbott's  manuscript  notes  of  Abemethy's  lectures.  A.  S.  Abbott  of  St 
Bartholomew's  Hospital.     (Lent  by  Prof.  Macalister.) 

56.  "  A  System  of  Dissections."  Chas.  Bell.  Edinburgh,  1798.  1st  edition. 
<Lentby  E.  B.  S.) 

67,  58.  '*  Kngravings  of  the  arteries  illustrating  the  2nd  vol.  of  the  Anatomy 
of  the  human  body  (J.  Bell)."  Chas.  Bell.  London,  1801  and  1811.  Ist  and 
3rd  editions.  In  preface  to  3rd  edition  (p.  vii)  Bell  states  :  "I  have  added 
«ome  other  plates,  and  I  have  etched  most  of  the  plates  with  my  own  hand,  pre- 
ferring accuracy  to  elegance.  I  have  often  had  to  regret  in  the  former  editions 
of  my  work  that  my  intentions  were  entirely  mistaken  by  the  publishers  and 
artists  employed."     (Lent  by  E.  B.  S.) 

59.  "  Anatomy  of  the  Brain  explained  in  a  Series  of  engravings."  Chas.  Bell. 
London,  1802.     (Lent  by  Prof.  Macalister.) 

60.  "A  Series  of  Engravings  explaining  the  course  of  the  Nerves.*'  Chas. 
Bell.     London,  1816.     2nd  edition.     (Lent  by  E.  B.  S.) 

61.  An  original  sketch  by  Chas.  Bell.     (Lent  by  Prof.  Macalister.) 

62.  "A  ^eatise  on  Ligaments."  Bransby  B.  Cooper.  London,  1825. 
Lecturer  on  Anatomy  at  Guy's  and  nephew  of  Sir  Astley.    (Lent  by  E.  B.  S. ) 

Univ.  Lib.  =  Library  of  the  University  of  Cambridge. 
Philosoph.  Lib.  =  Library  of  the  Cambridge  Philosophical  Society. 

(8)  Dr  Barclay  Smith  also  gave  a  demonstration  on  the  Brains^ 
Skidls^  and  Pelves  of  two  Scaphocephalic  Itidividiuih,  This  com- 
munication will  appear  at  length  in  the  Journal  of  Anatomy  and 
Physiology, 

(9)  The  President  exhibited  a  large  collection  of  Bones  of  Ancient 
Egyptians^  illustrating  the  prevailing  types  of  their  skeletal  abnor- 
malities. 

(10)  Professor  A.  M.  Patbrson  read  a  paper  On  Perforations  of  the 
Parietal  Bones,  with  exhibition  of  Spefdmens,  This  communication 
will  be  published  in  full  in  the  Journal  of  Anatomy  and  Physiology, 
January  1900. 

In  the  discussion  which  followed,  it  was  generally  agreed  that  the 
author  was  right  in  regarding  such  perforations  as  congenital  forma- 
tions, but  it  was  also  held  possible  that  some  of  them  were  formed 
quite  late  in  life. 

(11)  Dr  Hans  Gadow,  F.E.S.,  made  the  following  communication 
On  the  Nature  of  Intercalated  VeHehra  of  Sharks : — 

The  vertebral  column  exhibited  is  that  of  a  large  specimen  of  the 
basking  shark  (SelacJie  maxima),  about  10  feet  in  length.  Counting 
from  the  head  tailwards  there  are  up  to  the  front  end  of  the  43rd 
chordal  block  in  all  42  axial  blocks  or  so-called  vertebral  centra, 
and  42  apparently  complete  vertebraB,  but  only  40  neuromeres. 
The   specimen   has  all    the   appearance  as  if   two  extra  vertebrae, 


Xlvi  PROCEEDINGS  OF  THE 

namely,  the  31st  and  the  41st,  had  been  intercalated.  But  by  study- 
ing the  amplitude  of  the  variations  of  the  dorsal  cartilaginous  arcualia 
(basidorsals,  interdorsals,  and  supradorsala),  their  size,  and  the  way  in 
which  they  are  packed,  we  can  reconstruct  the  whole  vertebral 
column.  Block  41,  with  its  superimposed  cartilages,  in  spite  of  its 
resemblance  to  a  complete  scleromere,  is  not  one  in  reality,  but  i» 
only  the  enlarged  posterior  half  of  a  scleromere,  and  the  suppo- 
sititious scleromere  31  is  likewise  only  the  caudal  or  posterior  cacy- 
dement  of  30.  Instead,  of  being  partly  found  with  each  other,  or 
being  partly  suppressed  as  in  the  first  29  metameres,  some  of  the 
scleromeres  in  the  transitional  region  between  trunk  and  tail,  have 
assumed  conditions  which  prevail  regularly  in  the  tail  of  Elasmo- 
branchs.  Each  complete  caudal  vertebra,  namely,  consists  of  two 
hemivertebrsB,  an  anterior  and  a  posterior  half,  hence  the  muddled 
conception  of  '  diplospondyly.'  Although  the  composition  of  the 
vertebral  column  of  Elasmobranchs  is  much  less  complicated  than 
that  of  the  higher  Amniota,  cases  like  the  present  one  are  of  great 
value,  since  they  enable  us  to  properly  understand  how  the  erroneous 
doctrine  of  'intercalation  of  vertebrae '  is  supported,  and  how  it  has 
to  be  defeated. 

(12)  Dr  Elliot  Smith  made  a  Preliminary  Communiration  on  the 
Morrpholo(j\i  of  tlie  Cereltral  Commissures  of  Mammals.  This  com- 
munication will  be  published  at  a  later  date. 

(13)  The  Secretary  read  for  Professor  J.  Symington  a  Note  oh  the 
Thymus  of  tJie  Koala,  which  will  appear  in  the  Journal  of  Anatomy 
ami  Physioloffy,  January  1 900. 

(14)  Dr  W.  H.  Gaskell,  F.R.S.,  gave  a  preliminary  account  of 
experiments  undertaken  to  determine  the  nature  and  connections  of 
Giant  Nerve  Fibres  in  cei'tain  Fishes,  The  experiments  so  far  had 
yielded  indecisive  results. 

(15)  Dr  Charles  J.  Patten  exhibited  a  number  of  lantern  slides, 
illustrating  the  Form  and  Position  of  tJie  Tlioracic  and  Abdominal 
Organs  in  the  Lemur,  The  communication  dealt  chiefly  with  the 
position  of  the  viscera  in  relation  to  the  vertebral  column.  Com- 
pared with  those  of  man,  they  occupy  a  lower  level.  They  differ  in  this 
respect  from  the  viscera  of  some  of  the  higher  apes  (orang  and  gibbon), 
which  more  closely  resemble  the  condition  maintained  in  the  n^wly- 
born  infant.  The  inner  surfaces  of  the  lungs  show  very  distinct 
impressed  areas  for  neighbouring  structures.  The  aortic  groove  is 
even  more  strongly  developed  than  in  the  human  lung.  '  The 
trachea  and  CBSophagus  in  the  thorax  occupy  distinct  grooves  behind 
the  hilum,  the  trachea  impressing  the  right  lung,  the  oesophagus 
the  left.  The  positions  of  the  main  fissures  of  the  lungs  compared 
with  those  of  some  other  groups  of  animals,  were  indicated  in  a  tabular 
form.     The  heart  shows  comparatively  few  peculiarities.     The  right 


:e  of  lungs,  showtng  depreiised  ari^Bs. 
R.L.,  Right  lUDg. 
(.,  Tracheal  groove. 


t>ericardiuni. 
. ,  Deiiression  for  fat. 
,,  Baaa  of  lung. 


.,  Root  of  lung, 

.,  DepreesioD  for  right  auricle 

and  |iflricardiurn. 
',,  Depr«BBioni    for    fat,   with 

thymic  elements. 
.,  Base  of  lung. 


fici,  2.— Showing  the  form  of  the  Juoiiemiiii  (Z)},  spleen  (S),  loft  kidney  (i.K".), 
riglit  kidney  («  K.),  and  pancreas  (P), 
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auricle  is  nearly  double  the  size  of  the  left.  The  conus  anleriosus 
IB  well  marked,  forming  a  distinct  oval  bulging  &t  the  root  of  the 
pulmonary  artery.  The  precaval  vein,  together  with  the  great  arterial 
trunks  arising  from  the  aortic  arch,  are  of  considerable  lenglh- 

Abdominal  Organg. — Of  these  the  moat  remarkable  is  the  spleen. 
This  is  an  elongated,  crescent-shaped  organ,  tucked  round  the  outer 
convex  border  of  the  left  kidney.  The  lemurian  spleen  mucli  more 
resembles  the  quadrupedal  form  than  that  of  higher  apes.    The  kidneys 


P.,  I'roBtata. 

1         A.,  Anus. 

U.,  Uretbr*. 

Ur.,  Ureter. 

S.,  Symphysia. 

V.d.,  Vm  deferemi. 

Fio.  S. — HesUl  saction  through  the  male  pelris  of  the  Lemur. 

R.,  Reetal  pouch. 
B.,  Bladder. 
S.V.,  Seminal  vesicle, 

are  proportionately  small,  the  left  occupying  a  loner  level  than  the 
right.  The  duodenum  is  of  considerable  length,  and  [^-shaped,  con- 
sisting of  a  longer  vertical  part  and  a  shorter  transverse  part.  The 
latter  crosses  the  spine  as  low  as  t!ie  4th  lumbar  vertebra. 

Pelvic  Orgaiig. — In  the  cJ  the  seminal  vesicles  are  remarkable  for 
tlieir  large  size.  Each  consists  of  a  coiled  mass,  occupying  about 
three  turns  of  a  spiral  The  bladder  very  closely  resembles  that  of 
the  human  fcetus,  both  in  position  and  form.  The  rectal  poach  io 
both    the    male  and  female  is   very  evident.       In  the   $    the  short 
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coiled  fallopian  tubes  were  described,  also  the  position  of  the  uterus 
(bicornuate  in  character),  the  single  part  of  which  occupies  the  middle 
line  of  the  body.  The  lemurs,  before  being  dissected,  were  hardened 
with  formalin  to  ensure  the  preservation  of  the  accurate  form  of  the 
viscera.  [A  fuller  account  of  this  paper  will  be  published  in  the 
Transactions  of  the  Royal  Academy  of  Medicine  in  Ireland — Section 
of  Anatomy,  1899.] 

(16)  Mr  N.  Bishop  Harman  read  a  paper  on  TJve  PaJ}iehra2  ami 
Orfulo-motor  Apparatus  of  Fishes^  illustrated  by  lantern  and  microscope 
slides. 

The  work  extended  over  seventy  species  of  fishes. 

1.  The  variations  in  the  simpler  forms  of  palpebral  provision,  the 
extra  palpebral  folds,  or  pseudo-nictitating  membranes,  of  salmon, 
herring,  etc.,  were  described.  The  morphology  of  the  nictitating 
membranes  of  Selachians  was  discussed,  and  the  presence  of  this 
structure  in  the  Scyllium  and  its  working  in  the  living  fish  described. 
The  development  of  the  membrane  from  the  ocular  surface  of  the 
previously  formed  lower  lid  was  shown  in  the  Mustelus,  and  the 
development  of  the  musculature  of  the  eyelids  of  these  fish  from  the 
musculature  of  the  first  gill  (spiracle)  traced.  The  existence  of  an 
inverse  ratio  between  the  state  of  the  spiracle  and  nictitating  mem- 
brane was  shown. 

2.  In  the  relation  of  the  bulb  to  the  ocular  walls,  the  form  and 
variations  of  an  orbital  sac,  a  capsule  of  Tenon,  and  such  supporting 
structures  as  the  'cartilago  sustentaculum  oculi,'  4igamentum  tenacu- 
lum oculi,*  and  their  development  were  described. 

3.  Some  variations  from  the  normal  scheme  of  the  extra-ocular 
muscles,  and  provision  for  projection  and  retraction  of  the  bulb  in 
certain  fish  were  described.  The  origin  of  the  recti  muscles  of  the 
Zygsena  was  shown  to  be  from  the  basis  cranii  by  means  of  a  long 
common  tendon,  and  not,  as  usually  considered,  from  the  cranium 
directly.  In  the  pleuronectids  the  presence  of  a  specialisation  of  the 
superior  oblique  muscle  affording  distinct  rotatory  movement  to  the 
eye  was  described,  and  the  occurrence  of  some  specialisation  of  this 
muscle  in  all  cases  where  convergence  of  the  axis  of  vision  is  possible 
indicated.  (The  paper  was  published  in  extenso,  with  plates,  in  the 
Journal  of  Anatomy  and  Phys^iolocjtl/i  October  1899,  page  1.) 

Mr  N.  Bishop  Harman  showed  two  Liven's  from  the  Cambridge 
University  Dissecting  Room,  illustrating  extreme  conditions  of  the 
left  lobe.  Both  livers  were  healthy.  Preservative-formalin  (figs.  1 
and  2). 

1.  Female,  a)t.  23.  The  left  lobe  is  very  large,  and  passes  across 
the  median  line  (mJ.),  between  the  diaphragm  and  spleen,  to  reach 
the  tenth  costal  cartilage  of  the  left  side  in  the  posterior  axillary 
line.  The  under  surface  of  the  extended  left  lobe  presents  a  large 
concavity  which  receives  the  greater  part  of  the  spleen.  The  spleen 
and  liver  together  form  an  almost  symmetrical  mass  occupying  the 
upper  part  of  the  abriomen. 
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2.  Male,  «et  61.  Id  this  case,  that  part  of  the  liver  which 
extends  to  the  left  of  the  medisn  line  is  veiy  small,  being  merely 
a  slender  triangular  mass  within  the  left  lateral  ligament.  Thia 
condition  is  due  rather  to  a  displacement  than  a  deficiency  of  the  left 
lobe,  which  is  compressed  so  as  to  occupy  a  position  inferior  to  the 
right  lobe.  Its  inferior  surface  presents  one  large  concave  impreasioo 
which  is  in  contact  with  the  stomach.  The  attenuated  anterior  edge 
is  coincident  with  the  costal  margin  and  but  slightly  bridges  the 
costal  angle.    The  dome  of  the  right  lobe  is  placed  abnormally  higli. 


reaching  to  the  lower  border  of  the  fourth  rib  in  the  mid-axillary 
line.     The  whole  appearance  of  the  organ  is  that  of  a  short  cone. 

Although  theee  livers  diiTer  so  much  in  shape,  there  is  a  remarkable 
likeness  in  their  bulk,  as  indicated  by  displacement  of  water,  and 
weight :  — 
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I. 

II. 

Bulk 

910  ccm. 

920  ccm. 

Weight      . 

36  ozs. 

35  ozs. 

8ucli  extremes  of  position  must  be  of  considerable  interest  to  the 
clinical  worker. 

Mr  N.  Bishop  Harm  an  showed  a  specimen  of  Arteria  sacra  me*Ua, 
from  which  arose  the  pair  of  '  fifth  lumbar '  arteries,  the  '  lowest 
lumbar '  arteries,  and  some  sacral  metameric  and  visceral  branches. 

(17)  Dr  T.  H.  Brycb  gave  a  lantern  demonstration  of  the  fertilisation 
and  segmentation  of  ova  of  EcJiimis  esculentus.  The  micro-photo- 
graphs, which  were  very  excellent,  were  taken  from  Dr  Bryce's 
preparations  by  Dr  J.  H.  Teacher,  Assistant  to  the  Professor  of 
Physiology  in  the  University  of  Glasgow.  They  were  shown  in  two 
complete  series — (I)  of  the  entire  ova  magnified  200  D. ;  (2)  of  the 
stages  of « fertilisation  and  divisions  of  the  nucleus  magnified  700  D. 
A  fuller  account  of  this  demonstration  will  be  published. 

(18)  Dr  Addison  showed  the  Figures  and  Tables  illustrating  his 
work  On  the  Topographical  Anatomy  of  tlie  Ahlominal  Viscera  in 
Man,  consisting  of : — 

A  series  of  forty  plates,  showing  the  abdominal  viscera  on  the 
life-size  scale  from  forty  consecutive  cases,  also  showing  in  each  case 
the  lines  of  the  peritoneal  attachments,  the  various  surface  and  bony 
landmarks,  and  the  lines  used  to  mark  out  the  regions  of  the 
abdomen. 

A  series  of  printed  tables  giving  the  detailed  surface  measurements 
and  various  descriptive  details  of  each  individual  case. 

A  series  of  six  tables,  constituting  an  appendix,  giving  the  precise 
measurements  of  all  the  abdominal  viscera  from  each  of  the  forty 
cases  in  regard  to  one  another,  to  the  surface  lines,  and  to  the  different 
bony  and  other  landmarks. 

Also  the  following  figures : — 

Fig.  1.  Showing  the  surface  lines  in  their  average  position. 

Fig.  2.  Illustrating  the  variations  of  the  superficial  and  deep  points 
in  regard  to  the  surface  lines. 

Figs.  3  a  and  b.  Showing  the  average  position  of  the  abdominal 
viscera,  and  the  lines  of  the  peritoneal  attachments  from  the  whole 
series  of  cases.     Life-size. 

Fig.  4.  The  stomachs  of  the  forty  cases  on  the  scale  of  1/9"  in 
relation  to  the  costal  arch,  the  middle  line,  and  the  upper  transverse 
abdominal  line. 

Figs.  5,  6,  7  and  8.  Illustrating  various  points  in  connection  with 
the  stomach  bed,  and  the  displacing  power  of  the  stomach  on  the 
parts  behind  it. 

Fig.  9.  Showing  the  livers  of  the  whole  series  on  the  1/9"  scale  on 
the  plan  of  fig.  4. 

Figs.  10,  11  and  12.  Curves  illustrating  different  points  in  con- 
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nection  wilh  the  movements,  the  position  and  relations  of  the  stomach 
and  adjoining  viscera. 

Figs.  13  and  14.  Showing  the  duodenum  and  the  adjoining  viscera 
on  the  1/9"  scale,  after  the  manner  of  figs.  4  and  9. 

Fig.  15.  Illustrating  the  variations  in  the  position  and  relations 
of  the  duodenum  and  pancreas,  and  the  right  kidney. 

Figs.  16,  17  and  18.  Illustrating  certain  ahnormalities  of  the 
duodenum. 

Fig.  19.  Illustrating  the  duodeno-jejunal  folds  and  fossie. 

Figs.  20,  21,  22  and  23.  Illustrating  the  direction  of  the  chief  coils 
of  the  small  intestine. 

Fig.  24.  Illustrating  various  points  in  connection  with  the  position 
of  the  vermiform  appendix,  and  the  folds  and  fossae  in  the  ileo-csBcal 
region. 

Fig.  25.  Showing  the  arrangement  and  varieties  of  the  meso- 
sigmoi'l. 

Figs.  26  A,  B,  and  c.  Showing  the  large  intestine  and  the  lines  of 
the  peritoneal  attachments  on  the  1 '9''  scale  in  relation  to  the  super- 
ficial and  deep  parts,  and  to  the  surface  lines.  (For  figs.,  see  JoumaJ 
of  Anatomy  ami  Physiology  for  July  and  October  1899.) 

(19)  The  President  gave  the  results  of  an  investigation  of  the 
cephalic  index  curves  of  one  thousand  Egyptian  Skulls. 

• 

Mr  L(X}Kwoc)i)'s  paper  on  the  lymphatic  system  of  the  Apji^ipfir 
vermiformis,  the  communications  of  Mr  Higgins  on  the  movements  of 
the  Knee- Joint,  and  of  Professor  Birmingham  on  specimens  illustrat- 
ing the  structure  of  Organs  of  Digestion^  were  held  over. 
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The  First  General  Meeting  of  the  Society  was  held  at  the  London 
School  of  Medicine  for  Women,  Hunter  Street^  W.C.,  on  Friday, 
NoYomber  17th,  at  4  p.m.  In  the  unayoidable  absence  of  the  Presi- 
dent, Profflssor  A.  Macalistbr,  Mr  C.  B.  Lockwood,  Vice-President, 
occupied  the  chair.  Nineteen  members  and  sevonty-eight  visitors 
were  present. 

llie  minutes  of  last  meeting  were  read  and  confirmed. 

The  Treasurer's  Account  for  the  year  ending  November  1899  was 
submitted,  showing  an  expenditure  of  J&62,  17s.  8d.,  and  a  balance  in 
hand  of  j£63,  13s.  6d.  Professor  Thanb  moved  and  Mr  J.  Black 
seconded  its  adoption,  which  was  carried  unanimously. 

The  following  candidates  were  elected  members: — Jahbs  F. 
Gemmill,  Lecturer  in  Embryology,  University  of  Glasgow,  proposed 
by  A.  Macalister,  E.  Barclay  Smith,  N.  Bishop  Harman.  Alexander 
Macphail,  Senior  Demonstrator  of  Anatomy,  University  of  Glasgow, 
proposed  by  A.  Macalister,  N.  Bishop  Harman,  E.  Barclay  Smith. 

Officers  were   elected   for   the   ensuing  year: — President^  A.   H. 

Young,    M.B.       Vice-Presidents — A.    Birmingham,    MD. ;    A.    W. 

Hughes,  M.D. ;  B.  C.  A.  Windle,  M.D.,  D.Sc,  F.R.S.      Treasurer— 

G.  B.  Howes,  LL.D.,  F.R.S.    Secretai-tes—A.  Keith,  MD.  (England); 

T.  H.  Bryce,  M.B.,  F.R.S.K  (Scotland) ;  Ch.  Patten,  M.D.  (Ireland). 

Cimncil'-C.  Addison,  M.D. ;  R.  J.  BeiTy,  M.D.,  F.R.S.E. ;  J.  Black, 

M.B.;  Stanley  Boyd,  B.S. ;  D.  J.  Cunningham,  M.D.,  F.RS.;  A.  F. 

a 
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Dixon,  M.B. ;  E.  Fawcett,  M.B. ;  H.  Gadow,  F.R.S. ;  Robert  Howden, 
M.B.;  C.  B.  Lockwood;  A.  Macalistor,  M.D.,  F.R.S.;  J.  Musgrove, 
M.D.;  F,  G.  Parsons;  A.  M.  Patereon,  M.D.;  Arthur  Kobiason, 
M.D.;  Barclay  Smith,  M.D. ;  J.  Symington,  M.D.;  G.  D.  Thane; 
Arthur  Thomson,  M.B. ;  Sir  Wm.  Turner,  M.B,  F.R^. 

.  Thp  following  communications  ware  made : — 

Mr  Stanley  Botd  showed  the  tnjerteil  Heart  of  an  Infant  fotmd 
among  specimens  purchased  by  the  School  for  Women,  from  the 
executors  of  the  late  Dr  BlundelL 

The  heart  showed  a  normal  vena  cava  euperioi :  also  a  persistent 
left  duct  of  Cuvier,  taking  the  usual  course,  and  opening  into  the 
right  auricle  at  the  usual  spot.  There  was  no  left  innominata  Tein, 
and  no  trace  of  any  transverse  communication  in  its  podtion. 

The  vessels  springing  from  the  heart  were  normal  {see  fig.  1). 


Fic.  1. 

Miss  F,  A.  Stosbt,  M.B.  (introduced  by  Mr  Staklet  Botd), 
showed  an  (Einopha-jus  mth  lico  trell-mark«il  DiveHuitla.  The  lower 
of  these  was  situated  on  the  front  of  the  oesophagus,  immediatoly 
below  the  bifurcation  of  the  trachea.  It  is  the  nze  of  a  small 
marble ;  the  interior  of  the  diverticulum  is  greater  in  diameter  Uian 
the  neck  where  it  opens  into  the  ccsophagus ;  the  neck  is  almost 
circular,  V  across,  and  smooth-edged  (see  l^g.  2). 

An  enlarged  bronchial  gland  was  eituated  to  the  right  and  4bove, 
but  quite  to  the  side  of  the  diverticulum  ;  it  was  adherent  to  the  side, 
but  left  the  apex  of  tfae  diverticulum  perfectly  free  from  any  of  the 
surrounding  structures.  This  gland  was  also  adherent  to  tiitt  right 
bronchus.  The  diverticulum  consists  of  the  mucous  membrane  and 
submucous  tissue  of  tlie  ojsophagus ;  there  is  no  muscular  coat  over  it, 
the  muscular  fibres  separating  at  each  side  at  its  base. 

The  upper  diverticulum  is  IJ"  from  the  lower.  It  is  situated  an- 
teriorly and  to  the  left  of  the  mid-line ;  it  is  much  shallower,  and  ii 
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more  oval  in  outline,  b^g  J*  x  ^'.  Here  all  the  coftts  of  the 
ffiWphagus  are  present,  there  hein^  a  complete  muscular  coat  over  the 
whole  swelling.  This  diverticulum  was  perfectly  free,  no  gland  being 
in  its  immediate  vicinity.  There  was  an  elongated  gland  lying  f"  to 
the  righ^  but  with  no  connection  to  the  diverticulum. 

The  mucous  membrane  of  the  cesophagus  looks  as  if,  here  and 
there,  it  were  superficially  scarred  and  bereft  of  normal  epithelium. 
Over  an  area  so  altered,  below  and  to  the  right  of  the  main  diverti- 


Fio.  2. — Him  Stoney's  specimen  ofucculBUd  fflsopbigus. 

culnm,  is  another  very  shallow  but  fairly  definite  depression  1^*  x  |'' ; 
the  wall  here  seems  jiiat  beginning  to  yield.  There  is  also  slight 
yielding  at  one  place  in  the  upper  part  of  the  cesophagus. 

The  right  lung  was  bound  down  by  dense  pleural  adhesions,  while 
there  were  slighter  adhesions  of  the  left  pleura,  and  also  of  the 
pericardium. 

Mt  Q.  p.  Mudge  exhibited  a  Male  Dogfish,  having  an  abnormal 
external  genital  apparatus.  That  on  the  right  side  was  normal,  but 
on  the  left  the  '  clasper '  was  absent,  the  pelvic  tin  was  much  smaller 
than  the  right,  and  dissection  showed  that  the  basi-pteiygium  was 
only  about  half  the  length,  and  the  number  of  tin  rays  only  half 
that  in  the  right  fin.  As  far  as  dissection  was  able  to  show,  the 
nerve  supply  to  both  iina  was  normal,  hut  no  investigation  was 
possible  upon  the  trophic  nerves,  owing  to  the  state  of  preservation 
of  the  specimen. 

A  Frog'*  Hind  Foot  was  also  exhibited  showing  a  bony  union 
between  the  fourth  and  fifth  metatarsals,  at  a  point  about  a  third  of 
the  way  along  their  length.    The  fourth  metatarsal  is  swollen  at  the 


IV 


PBOGlEEDmGS  OF  THE 


point  where  it  is  ankyloeed  with  the  fifth,  very  much  in  the  same 
way  that  human  bones  thicken  at  the  part  of  union  after  fracture. 
By  the  courtesy  of  Dr  Ksith,  tfoo  consecutive  human  ribs  which  had 
sustained  fracture  and  reunion,  were  exhibited,  and  which  showed  a 
similar  bony  bridge  -  uniting  the  two  ribs  between  the  points  of 
fracture. 


Mr  G.  P.  MuDOE  exhibited  a  Frog  in  which  a  variation  of  the 
rectus  abdominis  muscle  had  occurred.  This  muscle  in  frogs  is  a 
segmented  one,  and  is  composed  of  five  muscle  segments  separated  by 
very  narrow  tendinous  bands.  In  the  frog  exhibited  the  first  two 
anterior  segments  are  normal,  but  behind  these  the  muscle  s^pnentB 
are  much  reduced  in  width,  and  the  tendinous  sheet  correspondingly 
increased,  so  that  the  muscle  is  best  described  as  five  muscular  stripsi 
the  last  four  being  separated  by  very  wide  tendinous  bands. 

Mr  G.  P.  MuDGB  recorded  a  case  of  connection  between  the 
systemic  and  hepatic  portal  systems  in  a  rabbit  {Lepua  cunicuhu). 
The  anastomosis  was  formed  by  a  vein  (s^p.a.)  which  arose  from  the 
left  ilio-lumbar  (t.Z.)  vein,  a  little  way  before  that  entered  the  post-caval 
(p.c),  and  passing  forwards  over  the  left  kidney  joined  the  splenic 


I^A 


Fio.  S.^Lg.v.,  lieno-gastrio  yein ;  g.v,^  gastric  Tein ;  sp.,  Bpleen ;  k.,  kidney; 
r.v.,  renal  vein;  p.c,  post-cayal;  uL,  ilio-lumbar  vein;  s./>.a.,  systemk 
portal  anastomosis;  c.i.,  common  iliac  vein;  e.i.,  external  iliac  vein; 
i.i.,  internal  iliac  vein. 

factor  of  the  lieno-gastric  vein,  which  subsequently  enters  the  maiB 
trunk  of  the  portal  vein.  Such  a  connection  is  very  unusual  in  the 
rabbit,  but  in  man  the  two  systems  are  invariably  connected  by  metu 
of  the  "  accessory  portal  veins"  described  by  Sappey,  which  form  an 
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anastomosis  between  the  phrenic  and  azygoe  veins  on  the  one  hand, 
and  the  portal  vein  on  the  other.  Other  anastomoses  are  formed 
between  the  left  division  of  the  portal  vein  and  veins  in  the  abdo- 
minal wall ;  with  the  epigastric  veins  through  the  par-umbilical  veins; 
and  with  the  vestigial  remnant  of  the  embryonic  left  umbilical  vein, 
or,  when  that  is  a^nt,  with  the  veins  related  to  the  round  ligament 
of  the  liver. 

In  elasmobranch  fishes  the  hepatic  portal  system  is  connected  with 
the  systemic  by  means  of  two  small  veins,  one  of  which  passes  from 
the  lateral  line  vein  to  the  anterior  mesenteric  factor,  and  the  other 
from  the  posterior  cardinal  to  the  same  factor  of  the  portal  vein. 

It  cannot  be  said  that  the  variation  described  above  corresponds 
exactly  to  either  of  the  anastomoses  in  man,  amphibians,  or  elasmo- 
branchs,  but  it  more  nearly  resembles  in  its  anatomical  relations  the 
connection  between  the  two  systems  formed  by  the  par-umbilical  and 
epigastric  veins  in  the  former. 

The  Secrbtary  showed,  for  Professor  Patkrson,  the  hecul  of  a 
ftUl'ierm  F(Btu8y  in  which  numerous  perforations  existed  on  both  sides 
of  the  vault  of  the  skull  in  frontal,  parietal,  and  occipital  bones.  The 
perforations  corresponded  to  convolutions  of  the  cerebrum,  which  at 
first  pressed  upon  the  calvarium,  and  filled  the  cavity.  The  condi- 
tion was  accidentally  discovered  during  the  examination  of  a  series  of 
foetal  heads,  for  the  purpose  of  discovering  if  a  vein  actually  passes 
through  the  parietal  foramen. 

In  the  discussion  which  followed,  the  consensus  of  opinion  was  that 
these  perforations  were  due  to  localised  failures  of  ossification. 


On  the  Morphology  of  the  Femoral  Head  of  tfie  Bicejys  Flexor  Cruris, 
By  Professor  B.  C-.  A.  Windlb  and  Mr  F.  G.  Parsons. 

The  biceps  flexor  cruris  is  a  muscle  which  in  quite  a  large  number 
of  mammals  is  genuinely  entitled  to  the  name  which  it  bears — some- 
what a  distinction  among  muscles.  There  are,  however,  two  perfectly 
distinct  and  widely  different  ways  in  which  the  structure  is  two- 
headed.  In  the  more  generalised  mammals  the  heads  are  ischial  and 
caudal,  the  latter,  which  is  the  more  superficial,  coming  from  the 
anterior  caudal  vertebrae,  and  often  from  the  fascia  over  them ;  the 
former,  which  is  deep  and  not  infrequently  hidden  by  the  latter, 
rising  from  the  tuber  ischii.  The  caudal  head  is  often  closely  con- 
nected with  the  caudo-femoralis  {agitator  caiuhii)^  and  is  part  of 
the  same  plane  with  that  and  the  ectogluteus.  When  both  heads 
are  present  they  usually  unite  fairly  high  up  in  the  thigh,  and  are 
inserted  into  the  patella,  the  fibula,  the  tibia,  the  fascia  of  the  leg,  or 
some  combination  of  these.  In  many  cases  a  strong  prolongation  is 
sent  down  from  the  hinder  fibres  to  the  region  of  the  heel,  where  it 
either  fuses  with  the  tendo-Achillis,  is  inserted  into  the  calcanetun 
independently,  or  passes  into  the  sole  of  the  foot  with  the  plantaris. 
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One  of  us  has  already  drawn  attention  to  what  is,  perhaps;  the 
maximum  development  of  the  bicipital  insertion  in  IJolichotis  and 
Dasjprocto.' 

A  double-headed  biceps  of  the  ischio-caudaL  type  is  met  with  in 
many  rodents  and  camivoTes. 

The  rarer  form  of  double-headedness  is  that  in  which  the  heads  an 
ischial  and  femoral, — a  condition  which  up  to  the  present  has  only 
been  found  in  man,  in  the  anthropoids,  the  platythine  monkeys,  and 
the  edentates. 

In  the  edentates  the  condition  is  a  very  interesting  one,  and  here, 
if  anywhere,  it  seemed  to  us  must  the  key  to  the  riddle  of  the  vary- 
ing arrangements  of  the  biceps  be  sought.  And  when  we  came'  to 
look  into  the  question,  our  attention  was  immediataly  arrested  by  the 
fact  that  the  femoral  head  of  the  biceps — which  is  by  no  means  con- 
stant in  this  order— seemed  in  its  absence  or  presence  to  bear  a  very 
remarkable  relation  to  another  muscle,  the  tenuissimuB  or  bicipiti 
accessoriuB.    This  muscle  is  met  with   in  many  mammals :   thus, 


Flo.  4.— Thigh  of  Lener  Antmter  (Tun&ndua  telradootjli).— e/.,  BctoglatCBi 
■Dd  Caudo-fenionlis ;  B.,  Biceps  femoris;  T.,  Tenuiwrimu*  (Bicipiti  acca*- 
■oriuB) ;  a.t,,  SemitendiDoiiia  ;  Q.,  Quadriceps  femoris. 

for  example,  it  is  found  among  the  marsupials  in  Dagyurw  and 
Diddpky»,  though  not  in  Phasr-olarctos,  Mai-ropw,  or  Petrogaie;  it  a 
seldom  found  among  the  rodents;  it  is  common  among  the  Carnivora, 
where  it  ia^ — -as  typically  elsewhere — a  slender  ribbon-like  muscle  which 
usually  nses  from  the  first  caudal  vertebra,  and  passes  down  the  back 
of  the  thigh  and  leg,  deep  to  the  biceps  and  superficial  to  the  great 
sciatic  nerve.  In  the  lower  part  of  the  leg  it  usually  joins  the  lowest 
fibres  of  the  biceps,  and,  with  them,  is  conducted  down  to  the 
calcaneum,  helping  to  ensheath  the  tendo- A  chillis.  Now  let  us  turn 
to  the  consideration  of  these  two  muscles,  the  biceps  .and  tenuissimK 
■  Jour,  of  Anal.,  vol.  Tx\.  p.  S4S. 
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in  the  EdentaU.  Amongst  the  Bra/lypodi'Ue  the  femoral  head  of  the 
former  muscle  is  always  present,  ^nd  the  tenuisramuB  is,  we  believe, 
always  absent.  It  is  not  mentioned  by  any  of  the  observers  who 
hftve  dissected  Braily-piu  or  Cholaepiu,  and  in  our  dissections  of  these 
animals  we  carefully  looked  for  it,  but  with  a  n^^tive  result. 
Mjfrmerophaga  has  a  Tery  interesting  second  head  to  its  biceps,  a 
head  rising  neither  from  the  ischium,  vertebne,  nor  femur,  but  from 
the  surface  of  the  oaudo-femoralis  muscle  (^tator  caudce),  a  condition 
to  which  we  shall  have  again  to  refer.  Tawamhta  has  a  typical 
tenuisaimus,  but  no  femoral  head  of  biceps ;  whereas  in  all  iive  speci- 
mens of  CyclothuruB  of  which  we  have  notes,  the  femoral  head  was 


present,  but  the  tenuisaimus  absent.  The  family  of  the  Myrviero- 
phagidte,  then,  which  is  made  up  of  the  three  above-named  generaj 
contains  examples  of  both  arrangements,  and  even  of  a  stage  inter- 
mediate between  tlie  two.  Amongst  the  DasypalidiB  a  short  head  of 
the  biceps  has  never  been  found  ;  but  in  Daitypui  and  Tatusia  there 
IB  a  tenuissimus,  though  not  in  Ohlamij'Utphorut,  the 'lost  member  of 
the  family.  Mania  has  a  femoral  head  to  its  biceps,  but  no .  tenuiaei- 
mus.  OryriernpHf,  the  last  form  in  the  Order,  has  no  femoral  head 
to  its  biceps,  but<  it  lias  a  muai^le  described  by  Galton-as  a  second 
part  of  the  semi membranoa its,  which  we  have  no  doubt  is  really  a 
tenuissimus.  The.  remarkable  alternation  between  these  two  muscles 
leads  U8  to  think  that  in  them  we  really  have  to  do  with  two  varying 
conditions  of  the  same  structure.;  in  other  words,  that  the  femoral 
head  of  the  biceps  is  morphologically  a  tenuissimus,  which  has  slipped 
down  from  its  normal  attachment  to  the  caudal  vertebrae,  and  obtained 
an  origin  from  the  femur.  And  here  we  would  again  call  attention 
to  the  intermediate  condition  described  In  Myrmeropliaga,  where  tiu 
caudo-femoralis  musde  is  apparently  acting  as  a  '  muscl&^ide '  down 
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which  the  tenuisBimnB  is  croeping  to  its  lower  attachment.  It  ii 
singular  that  all  the  conditions  ehoold  be  met  with  in  the  one  Order,  bat 
when  we  consider  how  exceedingly  aberrant  it  is  in  many  ways  how 
reptilian,  as  Parker  has  put  it,  is  the  variability  of  its  muscnlatore, 
the  fact  beoomes  less  remarkable.  Fassiiig  to  the  higher  forms  pca- 
sessed  of  a  femoral  head  to  the  biceps,  we  are  inclined  to  think  that 
thia  also  may  be  looked  upon  as  an  altered  tenuisaimus.  It  ia  up  to 
man,  and  even  at  times  in  him,  a  separate  or  almoet  separate  moscle, 


Flo.  S. — Out«r  «iJe  of  thigli  ol  Great  Anleater  {Jlyrfnceojihagajvbala).  a,  ecto- 
gluteiu;  b,  vutiu  estetniu;  c,  caado-remoralu ;  d,  long  head  of  flexor 
cruris  UUralit  (biceps) ;  e,  short  head  of  flexor  orniu  latoralu  (triMpa] ;  /, 
BemitendinoBUs  ;  g,  gaBtrocDemiuB, 

and  then  has  a  lower  insertion  than  the  rest  of  the  biceps,  and  sends 
down  a  prolongation  to  the  tendo-A  chill  is,  in  all  of  which  respects  it 
behaves  like  the  lower  end  of  a  tenuissimus. 

In  the  platyrhine  monkeys  it  is  found  in  Atelea,  Mycetes,  and 
Lagothrix,^  and  it  is  interesting  to  notice  that  it  has  exactly  the  sune 
relation  to  the  ischial  head  of  the  biceps  which  it  has  in  the  eden- 
tates,— that  is  to  say,  it  crosses  the  inner  (deep)  surface  of  the  ischial 
head,  in  such  a  way  as  to  form  an  X. 

In  the  anthropoid  apes  the  same  relationship  exists,  according  to 
the  researches  of  Hepburn,  Keith,  and  other  writeis ;  but  now  the 
two  heads  tend  to  become  slightly  fused  at  their  paint  of  crossing. 

'  In  Cabiis  it  ia  absent,  bnt  we  foand  a  deliosta  tctiQlaumiu. 
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In  man  the  two  parts  of  the  muscle  are  inBerted  together,  but 
the  femoral  head  is  always  internal;  and  cases  are  recorded  by 
Hepburn,  Macalister,  and  Testut  in  which  they  were  separate  until 
their  insertion. 

P,S, — It  was  our  intention  to  allow  the  claims  of  the  femoral  head 
of  the  biceps  to  be  the  modified  teuuissimus,  to  rest  on  the  fact  that 
hitherto,  as  far  as  we  can  find  out,  they  have  never  been  found 
together  in  any  animal,  and  on  the  series  of  intermediate  stages 
which  are  found  between  the  fully- developed  tenuissimus  of  a 
generalised  mammal,  such  as  an  insectivore  or  carnivore,  and  the 
short  head  of  the  human  biceps.  On  the  nerve  supply,  our  present 
experience  does  not  lead  us  to  place  too  much  reliance ;  still,  as  the 
members  of  the  Anatomical  Society,  in  commenting  upon  the  paper, 
evidently  laid  a  good  deal  of  stress  on  this  point,  we  hasten  to  incor- 
porate the  notes  at  our  disposal.  The  tenuissimus  of  a  carnivore  such 
as  the  stoat  {Mustela  erminea),  or  dog  {Cants  famUiaris),  is  supplied 
by  a  branch  which  comes  off  from  the  great  sciatic  nerve  about  the 
middle  of  the  thigh.  As  Dr  Barclay  Smith  remarked,  this  nerve  can 
easily  be  separated  into  its  two  popliteal  cords,  and  then  the  branch  to 
the  tenuissimus  is  seen  to  come  from  the  external  popliteal.  In  man, 
the  anthropoids  and  the  platyrhine  monkeys  (according  to  Keith), 
the  femoral  head  of  the  biceps  is  supplied  by  the  external  popliteal.  In 
the  Edentates  the  tenuissimus  or  femoral  head  of  biceps,  whichever  is 
present,  is  certainly  often  supplied  by  the  outer  popliteal  nerve,  or 
that  part  of  the  great  sciatic  containing  the  outer  popliteal  element ; 
but  in  one  specimen  of  Manis,  the  short  head  of  the  biceps  was 
undoubtedly  innervated  by  a  branch  from  the  internal  popliteal.  We 
would  call  attention  to  the  fact,  that  in  the  kangaroos  the  radial 
nerve  is  a  branch  of  the  median,  as  one  instance  of  the  unreliability 
of  nerve  paths  in  determining  homologies.  Other  instances  occur  to 
U8  with  which  we  hesitate  to  enlarge  this  paper ;  but  from  what  we 
have  seen  of  nerve  supplies,  we  should  be  very  unwilling  to  regard 
the  femoral  head  of  the  biceps  of  Manis  as  not  being  homologous 
with  the  femoral  head  of  another  edentate's  biceps,  simply  because 
the  nerve  took  a  different  path  to  it. 


Note  upoti  the  Lymphatics  of  tJis  Vermiform  Appendix.  By  C.  B. 
LoGKWooD,  F.R.C.S.  Eng,  Assistant-Surgeon  and  Lecturer  on 
Surgical  and  Applied  Anatomy,  St  Bartholomew's  Hospital. 

Whilst  working  at  the  surgery  and  pathology  of  the  vermiform 
appendix,  I  have  met  with  some  features  which  may  interest  the 
Anatomical  Society. 

But  first  of  all  it  is  perhaps  necessary  to  allude  very  briefly 
to  the  general  structure  of  the  appendix.  Some  seem  to  be  in 
doubt  about  the  most  obvious  facts.  For  instance,  Mr  Treves  speaks 
of  the  "so-called  muscular  coats"  of  the  appendix,  and  adds  that 
"  they  are  made  up  ...  .  mainly  of  fibrous  tissue."    Dr  Hawkins, 
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in  his  admirable  monograph,  says  that  the  inner  muscular  coat  is  a 
stout  layer,  but  the  outer  is  thinner.  It  would  be  easy  to  find  other 
instances  of  contradictory  teaching. 

Transverse  sections  through  the  normal  vermiform  appendix  are 
usually  5  millimetres  in  diameter.  The  lumen  occupies  the  centre,  and 
may  be  a  mere  slit,  or  the  shape  of  the  letter  T,  or  of  the  letter  H,  or 
irregular.  Various  shapes  may  be  met  with  in  sections  through  different 
parts  of  the  same  appendix.  The  coats  of  the  appendix  are  from  2 
millimetres  to  2^  millimetres  in  thicknesa  Of  this  the  peritoneal 
and  muscular  coat  are  together  1  millimetre  thick,  the  rest  being 
submuoosa  and  mucosa.  Beginning  from  the  outside,  the  appendix  is 
surrounded  with  a  delicate  layer  of  peritoneum,  consisting  of  a  layer 
of  endothelium  and  basement  membrane,  and  of  delicate  subperitoneal 
tissue.  The  latter  contains  the  superficial  blood-vessels,  lymphatics, 
and  nerves.  The  outer  longitudinal  muscular  coat  is  about  a  quarter 
of  a  millimetre  thick.  Its  fibres  are  irregularly  distributed,  and  may 
be  absent  in  places.  The  circular  muscular  coat  is  nearly  a  millimetre 
thick,  and,  with  the  exception  of  certain  gaps,  which  will  be  mentioned 
presently,  forms  a  continuous  ring  around  the  appendix.  Next  comes 
the  submucous  coat,  which  consists  of  delicate  connective-tissue, 
blood-vessels,  lymphatics,  and  nerves.  The  mucosa  is  usually  sepa- 
rated from  the  submucosa  by  the  muscularis  mucosas,  which  forms 
the  ring  at  the  base  of  its  tubular  glands.  In  an  ordinary  specimen, 
from  twenty-five  to  thirty  tubular  glands  can  be  counted  in  one  section. 
These  are  the  ordinary  Lieberkiihn's  glands  of  the  large  intestine. 
They  are  embedded  in  lymphoid  tissue.  The  lumen  of  the  appendix 
is  lined  throughout  with  a  single  layer  of  columnar  epithelium  upon  a 
basement  membrane.  In  specimens  stained  with  hsematoxylin  or 
aniline  dyes,  the  lymphoid  follicles  of  the  mucous  coat  are  striking 
objects.  They  are  ovoid,  globular,  or  pyriform  bodies  1  millimetre 
in  diameter,  and  distinctly  visible  to  the  naked  eye.  Some  lymphoid 
follicles  are  outside* the  muscularis  mucosas,  and  are  therefore  in  the 
submucosa,  but  most  penetrate  the  muscularis  mucosae,  and,  displacing 
the  tubular  glands,  project  inwards  towards  the  lumen,  where  they 
are  covered  with  columnar  epithelium.  As  a  rule,  five  lymphoid 
follicles  can  be  counted  in  one  section ;  but  I  have  counted  twelve  in 
a  section  of  the  appendix  of  a  girl  aged  1 3  years,  sixteen  in  a  man 
aged  35,  nine  in  a  man  aged  37,  eight  in  a  man  aged  36,  and  five  in  a 
man  aged  68.  The  exact  number  contained  in  the  appendix  must 
depend  upon  a  number  of  circumstances,  especially  upon  its  length 
and  calibre.  An  appendix  of  the  usual  length  of  3|  inches  contains^ 
at  a  rough  estimate,  from  I  HO  to  200  follicles.  The  substance  of  each 
follicle  consists  of  two  parts.  In  the  centre  is  an  oval  circular  area 
which  stands  out  lighter  than  the  rest,  and  looks  less  dense,  because 
its  lymph  canaliculi  are  more  capacious  {vide  fig.  7).  The  cortical 
part  of  the  follicle  looks  denser  and  more  opaque  because  of  the 
smallness  of  its  lymph  canaliculi.  Where  the  follicle  is  not  bounded 
by  the  lymph  sinus  it  merges  imperceptibly  into  the  lymphoid 
tissues  of  the  mucosa,  or  into  that  of  contiguous  follicles  (vide 
fig.  7). 
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One  of  the  most  strikir^  features  in  connection  with  thelymf^oid 
follicles  is  the  presence  of  a  Jarge  lymph  ainus,  whicli  is  shown  In  the 
accompanying  micro-photograph.'  This  lymph  sinus  surrounds  about 
half  of  the  circumference  of  the  base  of  the  folhcle,  and  I  shall  in 
future  refer  to  it  as  the  follicular  lymph  sinus  or  basilar  lymph  sinus.' 
The  narrowest  parts  of.it  are  crossed  by  trabeculw.  In  some-'forms 
of  appendicitis  it  becomes  dilated  and  extended,  and  may  completely 
surround  the  follicle.  In  other  forms  of  appendicitis  it  becomes  oblit~ 
erated  either  by  compression  or  by  accumulation  within  it  of  inflam- 
matory corpuscles.     The  follicular  lymph  sinus  empties  itself  into  the 


Fia.  7. — Hicni-phoh^rspli  of  normal  ippenJix  to  show  mucosa,  lymplioid 
follicles,  and  follicnlar  lymph  sinna.  x  6G.  Tbe  lumen  is  towards  the 
right  hand. 

lymphatics  of  the  submucoea.  This  follicular  lymphoid  sinus  has  been 
mentioned  by  Clado,  who,  speaking  of  the  appendicular  lymphatics, 
says  that  they  form  spaces  around  the  follicles,  and  are  applied  like 
a  cap  to  their  deep  part.  During  the  summer  of  1899,  Dr  Coffey' 
described  them  before  the  Royal  Academy  of  Medicine  of  Ireland, — at 
least,  so  I  infer  from  a  brief  report  of  his  communication.  Similar 
lymph  spaces  are  depicted  by  Dr  Klein,  in  his  Atlan  of  Histology,  at 
the  base  of  the  lymph  follicles  of  a  rabbit's  caecum.     A  drawing  of  a 

'  The  Bpeuimeaa  from  wliich  theao  micro -photograph  8  were  taken  w\t.  made 
for  mo  by  Mr  ErDBst  Shaw,  and  the  photograiilis  by  Mr  Albert  Norman.  I  fear 
no  reproduction  coald  do  juBtico  either  to  the  beauty  of  the  sectiolis  or  of  the 
mioro-pliotogTaphs. 
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toiuU  of  8  dog  in  tbe  same  work  indicates,  but  leas  clearly,  that  tbe 
tonsillar  follicles  poesess  a  basilar  iTmphatic. 

I  now  propose  to  show  how  the  submucous  lymphatics  find  their 
exit  from  the  interior  of  the  appendix.  At  intervals  in  the  miuculu 
coats  certain  gaps  or  hiatus  are  met  with.  These  gaps  are  not  less 
than  one  millimetre  wide,  and  are  usually  situated  at  the  attachment 
of  the  meso-appendix  {vide  fig.  8).  At  each  of  these  deficiencies  in 
tbe  muscular  coat,  which  I  shall  in  the  future  refer  to  as  the  hiatus 
muficularis,  the  subperitoneal  and  submucous  tissues  became  con- 
tinuous with  one  another.     The  full  significance  of  this  continuity  of 


Flo.  S.— The  hiatOB  muscaltuia.  The  iuflaiued  mneosa  u  at  ths  left,  *ui  Hit 
mesa-app«ailix  at  tlie  right  In  thu  section  some  muscnlsr  Bbrea  chioce  to 
interrupt  the  appearance  of  conttDQity.      x  II. 

tissue  is  at  once  apparent  when  t  state  that  it  is  the  path  by  which 
inflammations  which  have  started  in  the  mucosa  reach  the  peritoneum. 
It  is  likewise  the  path  by  which  bacteria  which  haye  attacked  the 
ulcerated  mucosa  invade  the  aubmucosa  and  peritoneum,  setting  np 
various  and  dangerous  forms  of  septic  peritonitis. 

The  lymphatics  of  the  submucosa  penetrate  the  muscular  coats  by 
way  of  the  hiatus  muscularia,  and  after  communicating  with  the  sab- 
peritoneal  lymphatics,  pass  into  the  meso-appendix.  The  subsequent 
course  of  the  appendicular  lymphatics  is  ae  follows : — Sometimes  tiaj 
enter  the  lymphatic  gland,  which  is  situated  in  the  meso-appendiz  at 
the  ileo«Eecal  angle.     Clado  believes  that  this  gland  is  constaiit,  aod 
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describes  and  figures  it  as  the  appendicular  gland.  I  have  not  often 
seen  it,  because,  as  Clado  says,  it  may  have  been  concealed  by  the 
ileum.  From  the  meso-appendix  the  lymphatics  enter  those  of  the 
mesentery.  The  small  gland  at  the  ileo-colic  angle,  and  beneath  the 
fossa  named  the  ileo-colic  by  Kolleston  and  myself,  is  constant,  and 
one  of  the  earliest  to  be  implicated  in  diseases  of  the  appendix.  The 
lymphatics  then  pass  onwards.  My  own  observations  are  based  upon 
what  I  have  seen  in  cases  of  appendicitis.  I  have  so  frequently  found 
a  chain  of  inflamed  lymphatic  glands  along  the  inner  side  of  the  right 
colon  behind  the  ascending  meso-colon,  that  I  have  come  to  the  con- 
clusion that  that  is  the  course  which  the  appendicular  lymphatics 
mainly  pursue.  Others  without  doubt  open  into  the  mesenteric 
glands.  The  lymphatics  of  the  vermiform  appendix  also  empty  into 
those  in  the  iliac  fossa  along  the  course  of  the  external  iliac  artery. 
They  also  pass  along  the  appendiculo-ovarian  ligament  into  the  right 
broad  ligament  of  the  uterus,  and  into  the  lymphatic  glands  in  the 
right  wall  of  the  pelvis  in  the  neighbourhood  of  the  internal  iliac 
artery  and  vein.  I  have  met  with  cases  of  acute  appendicitis  in 
which  the  right  broad  ligament  has  been  inflamed,  tender,  and 
swollen  ;  also  a  case  in  which  the  iliac  lymphatics  were  enlarged,  and 
also  with  inflammation  of  the  right  broad  ligament.  In  a  case  of 
carcinoma  of  the  ileo-cdBcal  valve  involving  the  base  of  the  vermiform 
appendix,  the  lymphatic  glands  along  the  internal  iliac  artery  were 
likewise  cancerous.  There  are  reasons  for  supposing  that  not  only 
may  disease  of  the  appendix  pass  downwards  and  inwards  towards 
the  broad  ligament  and  its  contents,  but  also  that  infective  diseases  of 
the  uterus,  fallopian  tube,  or  ovary  may  find  their  way  by  the  above- 
mentioned  lymph  channels  to  the  vermiform  appendix. 

Clado,  in  his  able  memoir,  gives  the  earliest  description  of  the 
passage  of  the  appendicular  lymphatics  into  the  pelvis.  Durand  has 
written  in  confirmation  of  Clado's  observation. 
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FEBRUARY   1900. 

A  Meeting  of  the  Anatomical  Society  of  Great  Britain  and  Ireland 
was  held  at  St  Mary's  Hospital  Medical  School  on  Friday,  February 
2nd,  at  4  p.m.  The  President,  Professor  Young,  was  in  the  chair. 
Nineteen  members  and  four  visitors  were  present. 

When  the  minutes  of  last  meeting  were  read  it  was  found  that  the 
Hon.  Secretary,  by  an  oversight,  had  omitted  to  record  the  Society's 
vote  of  thanks  to  its  past  President,  Professor  Magalisteb,  for  ^e 
able  way  in  which  he  had  conducted  its  business.  On  the  omission 
being  made  good,  the  minutes  were  duly  confirmed. 

Professor  Symington  gave  the  results  of  an  investigation  (I)  on  the 
Articitlations  between  the  Occipital  Bone^  Atlas,  and  Axis  in  some 
of  the  Lotcer  Mammalia,  This  communication  will  be  published  in 
a  iuture  number  of  the  Journal  of  Anatomy  and  Physiology. 

(2)  On  a  Specimen  of  a  Heart  with  Incomplete  Interaurictdttr  and 
Interventricular  Septa,  one  Auricvlo-ventricidar  Opening  {left)  and  a 
Single  Arterial  Orifice  (Aortic).     (See  fig.  9.) 

Professor  Symington  exhibited  and  read  notes  of  this  case  of 
defective  cardiac  development.  The  specimen  was  found  in  a  male 
child  3  years  old,  who,  since  birth,  had  been  cyanotic  and  suffered 
from  breathlessness,  and  for  about  six  months  before  his  death  had 
repeated  attacks  of  convulsions.  The  post-mortem  examination  was 
made  in  a  private  house,  under  difficult  circumstances,  and  some  of 
the  organs  were  sent  to  the  pathological  department  of  the  Queen's 
College,  Belfast,  for  examination.  Dr  Lorrain  Smith  kindly  handed 
over  the  heart  to  Dr  Symington.  The  other  organs  were  apparently 
free  from  any  malformations,  and  death  was  due  to  tuberculosis. 

The  heart,  when  received,  was  entire  and  its  cavities  unopened. 
The  vense  cavsB  and  pulmonary  veins  were  cut  close  to  the  heart,  and 
the  aorta  was  divided  through  its  arch  before  the  origin  of  the  inno* 
minate.  On  the  left  side  of  the  aorta  a  vessel  was  divided  which 
appeared  to  be  a  part  of  the  pulmonary  artery.  The  arrangement  of 
the  coronary  arteries  was  normal.  The  coronary  sinus  occupied 
its  usual  position,  and  the  oblique  vein  of  Marshall  was  almost 
obliterated. 

The  auricular  part  of  the  heart  showed  a  slight  furrow  on  its 
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sarfAoe,  indicating  &  division  into  right  and  left  pordons.  This  intoi- 
auricular  groove  passed  immediately  to  the  left  of  the  inferior  vena 
eava  and  on  the  right  side  of  the  pulmonary  veins.  Both  the  auricu- 
lar appendices  were  well  developed,  especially  the  left,  which  was 
one  and  a  half  inches  long,  and  curved  forwards  ou  the  left  side  and  in 
front  of  the  aorta.  When  the  heart  was  opened  the  two  auricles  were 
foond  to  he  freely  continuous  with  one  another.  The  common 
auriculflr  cavity  measured  two  inches  from  side  to  side  and  one  inch 
from  before  backwards.  The  imperfect  interauricular  septum  formed 
a  sickle-shaped  fold  passing  forwards  from  the  poeteiior  wall  and 
adjacent  portions  of  the  floor  and  roof.     The  most  prominent  part  of 


A.  =• 

Fig.  9. — Professor  Symiugton'i  case  or  BilocuUr  Heart. 

this  projection  measured  ^  of  an  inch  in  height,  and  the  opening 
between  the  two  auricles  readily  admitted  the  index  finger.  The 
right  portion  of  the  common  auricle  received  the  two  vonre  cavs  and 
the  coronary  sinus.  The  orifice  of  the  sinus  was  about  ^  of  an  inch 
to  the  right  of  the  interauricular  septum,  and  it  had  no  valve. 
Jilusculi  pectiuati  were  present  in  the  appendix,  and  extended  hack- 
wards  and  inwards  as  for  as  the  opening  of  the  coronary  sinus. 
Between  the  two  vence  caree  and  in  the  neighbourhood  of  the  inter- 
auricular septum  the  walls  of  the  auricle  were  smooth.  There  was 
no  trace  of  a  right  auriculo- ventricular  orifice,  and  the  smooth  floor  of 
the  auricle  was  continuous  on  the  left  side  with  the  sinus  venoeus  of 
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the  l6ft  auricle.  The  left  auricle  received  two  pulmonary  veins,  one 
on  each  side.  These  openings  were  perhaps  a  little  smaller  than 
usual,  hut  there  was  certainly  no  distinct  stenods.  The  walls  of  the 
left  auricle  were  smooth,  except  in  the  appendix,  which  possessed 
musculi  pectinati,  and  in  its  floor  there  was  an  auriculo-ventricular 
orifice  f  of  an  inch  in  diameter. 

The  ventricular  part  of  the  heart  consisted  of  a  large  left  and  of  a 
much  smaller  right  portion.  These  communicated  wiih  one  another 
by  an  aperture  about  half  an  inch  in  diameter  situated  below  the 
aortic  orifice.  The  common  ventricular  cavity  presented  only  two 
openings,  viz.,  mitral  and  aortic ;  and  no  traces  of  the  pulmonary  or 
tricuspid  could  be  detected.  The  ventricle  measured  2  inches  from  the 
aortic  orifice  to  the  apex  of  the  heart,  about  the  same  from  side  to  side, 
and  li  inches  from  before  backwards.  Its  walls  varied  in  thickness 
from  ^  to  ^  an  inch.  Its  cavity  was  partially  divided  into  a  right 
and  a  left  portion  by  a  large  aortic,  or  right,  cusp  of  the  auriculo- 
ventricular  valve,  and  by  a  group  of  musculi  pectinati  which  sprang 
from  the  apex  and  the  anterior  and  posterior  walls  of  the  ventricle. 
The  cusps  of  the  auriculo-ventricular  valve  were  three  in  number ;  of 
these  the  largest  was  situated  on  the  right  side,  between  the  auriculo- 
ventricular  and  aortic  openings,  and  was  closely  related  at  its  base  to 
the  left  posterior  aortic  valve.  The  other  cusps  were  right  anterior 
and  right  posterior  in  position.  The  aortic  orifice  was  on  the  right 
side  of  the  auriculo-ventricular.  Its  valves  were  three  in  number,  one 
anterior  and  two  posterior. 

The  part  of  the  interventricular  septum  which  was  developed 
represented  the  septum  inferius  of  His.  It  sprang  from  the  ventri- 
cular wall  about  an  inch  to  the  right  of  and  above  the  apex  of  the 
heart,  and  formed  a  thick  muscular  mass  with  an  upper  free  concave 
border.  This  began  anteriorly  about  ^  of  an  inch  below  the  anterior 
aortic  cusp,  and  extended  posteriorly  upwards  close  to  the  interval 
between  the  two  posterior  cusps.  A  further  upward  development  of 
this  septum  would,  therefore,  have  tended  to  divide  the  aortic  vesti- 
bule into  two  parts,  one  communicating  with  the  right  and  the  other 
with  the  left  ventricle. 

The  right  ventricle  was  much  smaller  than  the  left.  It  formed 
scarcely  one-eighth  of  the  anterior  aspect  of  the  ventricular  part  of 
the  heart,  but  it  was  better  developed  behind,  being  here  fully  half 
the  size  of  the  left  ventricle.  The  upper  and  back  part  of  the  right 
ventricle  formed  a  cul-de-sac,  which  appeared  on  the  surface  as  a 
pointed  process  lying  behind  the  right  auricle.  The  interventricular 
aperture  admitted  the  little  finger. 

It  is  evident  from  this  description  that  the  heart  was  physiologically 
bilocular,  for,  although  the  auricles  and  ventricles  were  partially 
divided,  the  arterial  and  venous  blood  had  to  pass  together  through 
the  same  valvular  orifices.  This  case  is  a  well-marked  example  of 
arrested  development  without  the  irregularities  which  are  frequently 
associated  with  such  an  extreme  case  of  non-development.  The 
venous  sinus  of  the  developing  heart  had  undergone  its  nonnal 
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changes,  and  the  main  defect  of  the  auricular  portion  is  due  to  the 
incomplete  formation  of  the  septum. 

According  to  Born  the  common  auriculo-ventricular  orifice  in  the 
rabbit  is  situated  at  first  on  the  left  side.  It  gradually  extends  to  the 
right,  so  that  the  opening  reaches  transversely  above  the  septum 
inferius  and  opens  into  both  ventricles.  In  this  case  the  auriculo- 
ventricular  orifice  maintained  its  original  position  on  the  left  side,  and 
there  has  been  a  total  absence  of  the  somewhat  complicated  processes 
by  means  of  which  two  distinct  auriculo-ventricular  openings  are 
formed.  In  a  similar  manner  the  aortic  bulb  persists,  the  endocardial 
septum,  which  normally  divides  it  into  two,  not  having  appeared.  In 
connection  with  the  aortic  orifice  it  is  interesting  to  observe  that  it 
possesses  three  semilunar  valves,  and  not  four,  as  one  might  expect 
from  the  fact  that  four  endocardial  cushions  are  formed  at  the  lower 
end  of  the  aortic  bulb. 

Unfortunately  the  ductus  arteriosus  and  right  and  left  pulmonary 
arteries  were  not  removed  with  the  heart,  so  that  we  do  not  know 
their  condition,  but  usually  in  cases  such  as  this  the  blood  going  to 
the  lungs  passes  from  the  aorta,  via  the  ductus  arteriosus,  into  the 
pulmonary  vessels.  The  specimen  showed  an  artery  lying  on  the  left 
side  of  the  aorta  in  the  position  of  the  pulmonary  artery.  On  passing 
a  probe  down  this  vessel  its  lumen  was  found  to  terminate  blindly  a 
short  distance  above  the  heart.  Stenosis  of  the  pulmonary  orifice 
and  adhesions  between  the  pulmonary  valves  are  often  found  in 
specimens  of  cardiac  malformation,  but  complete  absence  of  the  pul- 
monary orifice  and  adjacent  portion  of  the  pulmonary  artery  is  not 
nearly  so  common.  The  portion  of  the  pulmonary  artery  present  in 
my  specimen  was  probably  developed  as  a  ventral  process  of  the  5th 
left  aortic  arch. 

(3)  Professor  Symington  showed,  for  Dr  R.  D.  Rudolf  (Toronto), 
a  Case  of  Cor  BilotnUare  (see  fig.  10).  Dr  Rudolf  sent  the  following 
notes: — 

"  The  specimen  was  some  years  old  when  it  came  into  my  posses- 
sion. Dr  A.  A.  Macdonald,  who  attended  the  patient,  has  kindly 
recorded  his  recollections  of  the  case  as  follows  :— 

B.  M.,  8Bt.  16,  but  looks  13  years.  A  poorly  developed  girl. 
Has  always  been  cyanotic  and  incapable  of  much  exertion.  Has  been 
some  years  in  the  Protestant  Orphans'  Home.  Family  history  un- 
known. She  developed  pulmonary  phthisis,  with  the  ordinary 
symptoms,  which  were  rendered  more  distressing  by  the  difficulty  of 
breathing,  due  to  the  cyanosis.  My  recollections  of  the  case  are  that, 
though  the  heart  sounds  were  abnormal,  I  was  unable  to  make  the 
diagnosis,  and  that  I  attributed  the  cyanosis  to  non-closure  of  the 
foramen  ovale. 

The  heart  externally  presents  very  little  abnormal  appearance.  It 
measures  5  inches  from  the  apex  to  the  roof  of  the  auricle,  and  7 J 
inches  in  circumference  one  inch  below  the  auriculo-ventricular 
groove.     It  weighs  5J  ozs.,  which  is  the  normal  weight  of  the  heart 

h 
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of  a  girl  of  12  years,  bat  it  hu  been  some  yeats  in  spihte,  so  no 
doubt  weighs  light. 

The  coronary  arteries  are  normally  placed  in  the  position  of  the  inter- 
ventricular  grooves,  which  are  slightly  marked.     The  great  veeaeli 
were  all  cut  off  short,  and  thus  the  condition  of  the  ductus  arteriosas 
remains  doubtful,  but  there  can  be  seen  the  stumps  of  the  aorta,  pul- 
monary  artery,    superior   and    inferior  venie   cavie,  and   of   four 
pulmonary  veins. 
The  left  anricutar  appendix  is  normal  in  appearance;  the  right  ii 
enlarged  and  doubled  down  npon 
itself.   On  examining  the  interioi 
of  the  auricles  it  is  seen  that  the 
right  portion  is  twice  as  large  t» 
the  left.     Its  floor  is  completely 
closed,  and  thus  there  ia  no  trace 
of  a  tricuspid  orifice.     There  is, 
however,  a  shallow  fossa  hen, 
and  ashup  needle  passed  through 
the  bottom  of  this  in  a  veitiul 
direction  appeared  in  the  poste- 
rior wall  of  the  ventricle  J  inch 
to  the  right  of  the  centre  of  the 
right  auriculo-ventricular  m»^ 
and  well  within  the  le/t  portion 
of  the  common  ventncle.     Im- 
mediately behind  this  fossa  is  a 
well-marked     opening    of    the 
coronary  einua.    This  is  bouuded 
posteriorly  by  a  thick  fold,  and 
Flo.  10.— From  a  pbotomph  of  the  Heart  anteriorly    by    a    membranoni 
deKribed  b;  £>t  Rndolf.  valve.    These  join  to  the  left  of 

the  orifice,  and  thus  form  a  ridge 
which  runs  towards  and  blends  with  the  ndge  which  marks  the 
division  between  the  two  auricles.  The  left  auricle  is,  as  stated, 
relatively  small,  but  otherwise  is  normal.  The  opening  between  the 
two  auricles  is  almost  of  the  same  diameter  as  the  auricles  themselves. 
It  is  slightly  closed  by  a  aickle-slmped  membranous  ridge  J  inch 
in  width  at  its  widest  part.  This  ridge  lies  posteriorly,  uid  its 
cornua  extend  along  the  roof  and  floor,  but  there  is  no  trace  of  it 
anteriorly. 

The  walls  of  the  auricles  are  about  J  inch  thick  on  the  averse. 
The  ventricular  cavity  ia  a  single  one,  and  at  first  sight  shows  no 
sign  of  division  into  right  and  left  portions.  On  close  examination, 
however,  a  thick  muscular  ridge  is  seen  running  in  a  semicircnlat 
fashion,  so  as  to  suggest  such  a  division.  This  ridge  begins  }  inch  to 
the  right  of  the  right  auriculo- ventricular  cusp,  and  runs  downwaidi 
and  forwards  to  within  1 J  inches  of  the  apex  of  the  heart.  It  then 
sweeps  upwards  and  backwards,  and  ends  at  the  anterior  end  of  the 
left  aunculo-ventricular  cusp.     The  auriculo-ventricular  orifice,  (lie 
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only  one,  opens  thus  into  the  left  ventricle,  while  both  the  aorta  and 
the  pulmonary  artery  open  out  of  the  right  ventricle.  The  inner  sur- 
face of  the  common  ventricle  is  occupied  completely  by  columnss 
carnesB  of  the  three  kinds,  i.e.,  bridges,  ridges,  and  musculi  papillares. 
There  are  about  twelve  of  these  last  named,  varying  much  in  size. 
They  are  connected  by  chord®  tendinesd  with  the  cusps  of  the 
auriculo-ventricular  valve,  and  it  is  interesting  to  note  that  those  con- 
necting with  the  anterior  portions  of  the  cusps  arise  from  the  wall  of 
the  right  ventricle. 

The  auriculo-ventricular  orifice  measures  1  inch  in  its  antero- 
posterior, or  largest  diameter.  It  is  guarded,  as  already  alluded  to,  by 
two  cusps  placed  laterally.  These  were  sufRcient  to  make  the  orifice 
competent  during  ventricular  systole. 

The  aorta,  arising  from  the  right  ventricle,  measures  f  inch  in 
diameter  at  its  orifice.  The  valves  are  three  in  number,  and  are 
situated  right,  left,  and  posterior,  and  the  coronary  arteries  arise 
from  the  left  and  posterior  sinuses  of  Valsalva. 

llie  pulmonary  artery  itself  measures  ^^  inch  in  diameter.  It 
arises  posteriorly,  and  to  the  left  of  the  aorta.  Its  orifice  is  much 
constricted  by  a  complete  fusion  of  the  valves,  a  funnel-shaped  pas- 
sage being  thus  formed,  which  projects  into  the  lumen  of  the  vessel  f 
inch,  and  measures  ^^  x  ^\^  inch  at  its  opening.  The  margin  of  this  is 
fibrous  and  firm.  Two  freenss  run  from  this  to  the  walls  of  the 
vessel.  One  of  these  is  situated  anteriorly,  and  to  the  right,  and  the 
other  posteriorly.  These  suggest  the  fusion  of  two  valves,  of  which 
the  larger  was  the  left.  The  conus  arteriosus  begins  abruptly 
between  the  auriculo-ventricular  and  aortic  orifices,  but  nearer  to 
the  former.  It  measures  \^  inch  in  its  posterior  wall,  and  -^^ 
anteriorly.  Its  commencement  is  a  strong  fibrous  ring,  measuring 
tV  ^  T7  ^^^^-     ^^  inner  surface  is  corrugated. 

The  wall  of  the  common  ventricle  measures  ^  to  f  in  thickness, 
the  right  side  being  slightly  the  thicker. 

Thus,  to  sum  pp,  in  this  heart  there  is :  — 

1.  An  almost  complete  absence  of  the  auricular  septum. 

2.  „  „  ventricular  septum. 

3.  A  single  auriculo-ventricular  orifice,  which  is  bicuspid. 

4.  A  transposition  of  the  aorta  and  pulmonary  artery,  both  of  which 
arise  from  the  right  side  of  the  heart. 

5.  A  stenosis  of  the  conus  arteriosus. 

6.  A  stenosis  of  the  pulmonary  orifice,  due  to  adhesion  of  the 
pulmonary  valves,  of  which  there  were  apparently  originally 
only  two. 

The  condition  of  the  ductus  arteriosus,  unfortunately,  as  stated, 
remains  uncertain." 
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(4)  Professor  E.  Fawcett  gave  an  account  of  Some  Afuitomicdl 
Observations  from  tlve  Po«t-mortem  Room,  made  in  conjunction  with 
Dr  J.  V.  Blachpord,  City  and  County  Asylum,  Bristol 

It  some  years  ago  occurred  to  one  of  us  that  much  yaluahle 
information,  from  the  anatomical  point  of  view,  might  be  got  from 
the  post-mortem  room  of  the  Bristol  Lunatic  Asylum, — information 
which  would  be  as  accurate  as  possible,  and  from  the  nature  of  thin^ 
very  uniform. 

The  first  structure  that  came  under  our  especial  notice  was  the 
vermiform  appendix,  and  we  had  much  guidance  in  our  examination  of 
this  structure  in  a  paper  written  by  Dr  Berry  of  Edinburgh,  in  1895, 
in  the  Anatomiscfier  Ameiger,  entitled  "  The  Anatomy  of  the 
Vermiform  Appendix." 

Dr  Berry  examined  100  specimens,  and  from  them  came  to  certain 
conclusions  as  regards  the  average  length  of  the  appendix,  the  relation 
of  length  to  sex,  and  the  relation  of  appendix  to  age.  He  also  made 
observations  on  the  diameter  of  the  appendix,  and  regards  these  last 
observations  to  be  of  considerable  physiological  and  pathological 
importance. 

Our  observations  run  much  on  the  same  lines  as  those  of  Dr  Berry,  and 
they  are  b^ed  on  an  examination  of  350  specimens,  and  we  particularly 
emphasise  the  statement  that  all  remarks  as  to  length,  etc.,  were 
entered  in  a  book  kept  for  that  purpose  at  the  time  of  examinaiion ; 
and  that  as  the  examinations  were  made  about  the  same  time  after 
death,  and  under  similar  circumstances,  the  results  are  of  necessity  as 
uniform  as  possible.  In  every  case  the  appendix  was  measured  when 
in  the  body. 
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1,  The  Length  of  the  Appendix. 

Tills  we  have  found  to  vary  from  1*5  to  19  centimetres,  but  the 
average  length,  based  on  350  cases,  is  8*44  cm.  Dr  Berry,  on  his  100 
cases,  founded  an  average  of  8*3 ;  this  agrees  with  the  average  of  8'3 
obtained  by  Eibbert  on  an  examination  of  400  cases. 

Other  observers  examining  fever  cases  have»  as  a  rule,  obtained  a 
higher  figure,  as  will  be  seen  from  the  appended  table,  which  we  quote 
from  Dr  Berry's  paper. 

Table  I. — Combined  Average  Length  of  Ajypendix. 

cm. 


1.  Clado 

• 

• 

.       8 

2.  Ribbert 

• 

• 

.       8-3 

(400)  cases. 

3.  Berry 
(Blachford 

4.  Struthers 

* 

and 

• 

• 

Fawcett) 

• 

.       8-3 
8-44 
.       9 

(100)  CAses. 
(350)  cases. 

5.  Kelynack 

6.  Fowler 

• 

• 

•                         1 

9 
9 

7.  Bryant 

8.  Smith 

• 
• 

• 

9 
9 

9.  Rausshoff 

• 

•                         « 

10-2 

10.  Treves 

• 

•                         • 

10-2 

11.  Ferguason 

• 

• 

11-5 

Dr  Berry  takes  the  mean  of  these  figures,  which  is  9*2  cm.,  one 
which  is  more  accurate  than  the  ones  previously  given.  After  our 
own  observations,  taken  under  the  circumstances  mentioned  above,  we 
cannot  but  think  that  9*2  cm.  is  too  generous  an  average,  8*3  or  8*4 
being  much  more  probably  near  the  mark. 

The  longest  appendix  met  with  by  Dr  Berry  measured  13*3  cm.; 
we  had  as  many  as  thirteen  measuring  13  cm.,  and  a  like  number 
longer  than  that,  up  to  19  cm.  Ribbert  has  seen  one  21  cm.  in 
length. 

The  shortest  appendix  seen  by  Dr  Berry  was  3*1  cm.,  our  shortest 
is  1'5  cm.,  and  we  have  seen  five  specimens  shorter  than  3*1  cm. 

According  to  Dr  Berry,  "  Some  authors  have  described  total  absence 
of  the  appendix.  I  do  not  believe,  however,  that  the  appendix  is 
ever  absent,  unless  as  the  result  of  a  previous  excision."  We  have  a 
specimen  in  our  possession  which  lacks  the  appendix,  likewise  any 
sign  of  inflammation. 

Following  on  Dr  Berry's  plan,  we  now  examine  the  relation  of  sex 
to  length  of  the  appendix. 

Table  II. — Relation  of  Sex  to  Length  of  Appendix, 

Dr  Berry  finds  in 

1.  Males         .  average  length  8*6    cm. 

2.  Females     .  .         »>  >»      8 


XXU  I'ROCBKDtNCs  OP  THE 

We  have  found  in 

1.  Males        .  average  length  8'8S  cm. 

2.  Females     .  ■  ,,  .,      7-87 

Thus,  according  to  our  results,  the  male  appendix  is  1  cm.  longer 
than  the  female.     This  agrees  with  Bryant's  observations. 

Kelynack  finds  in  favour  of  the  female  appendix  by  a  margin  of  li  mm. 

We  agree  with  Dr  lieny  in  stating  that  the  male  appendix  is 
longer  than  the  female. 

Still  following  l)r  Berry's  lead,  we  examined  the  relatione  of  lengUi 
of  appendix  to  aga 


Tablb  III. — lielatium  of  Length  of  AppeniJix  to  Age,  based  ttpra  a* 
Ezamination  of  350  Vase», 
From  10-20  years  9  cases  average  S    cm. 

20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90  ,, 
90-100  , 
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From  this  table  it  would  appear  that  the  appendix  is  longest  between 
the  ages  of  30  and  40  years.  This  agrees  in  the  main  with  Dr  Berry's 
statement  that  it  is  longest  between  the  ages  of  20  and  40  years. 

There  is  no  such  gradual  diminution  here,  as  has  been  seen  by 
Sibbert.  In  fact,  the  most  striking  thing  to  our  mind  is  that  three 
cases  (lunatics)  have  attained  an  age  of  90  or  over — one  being  95. 
years  of  age. 

If  we  next  consider  the  relationship  of  age  and  sex  to  the  length  of 
the  appendix,  we  get — 

Table  IV. — Relationship  of  Length  of  Appendix  to  Age  and  Sex. 


Age. 


From  10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 
90-100 


Caiiea         Average, 
^*^-  Males. 


9-2 

8*92 

8-95 

8*96 

9-1 

9-4 

7-8 

8-4 

7 


8-8 


Gases. 

Average, 
Females. 

4 
18 
22 
26 
27 
28 
25 
2 
1 

6-6 
68 
9-2 
7-9 
8-1 
7-7 
71 
10-3 
8 

153 

7-8 

It  is  evident  that  sweeping  conclusions  cannot  be  drawn  from  these 
tables. 

We  next  thought  that  body  stature  might  have  some  relation  to 
the  Jengtli  of  the  appendix,  and  we  took  in  series  100  cases.  Perhaps 
it  has  as  definite  a  relation  to  it  as  age  and  sex,  but  that  is  not  saying 
much.  We  gave  up  at  100  cases.  The  following  table,  based  on  100 
csfies,  shows : — 

TABiiB  V. — Relation  of  Stature  to  Length  of  Appendix. 

Body  Height.  Average  Length  of  Appendix. 

4'  ^Y  7     cm. 


4' 9' 

5'r 

5' 2" 
5' 3' 
5' 4' 

5' 6" 
b'V 
5' 8" 
5' 9" 
5' 10' 
6' 


5 

10 

12-5 
8-7 
81 
9 
9 

8-6 
8-9 
8-8 
9-2 
8-5 

12 


XXIV  tftOCBEDlNGS  Of  Tttfi 

The  reader  may  draw  hia  own  conclusions  from  the  above  table. 

Finally,  it  has  been  maintained  that  the  appendix  tends  to  become 
obliterated  as  age  advances.  Bibbert  makes  very  definite  statements 
on  this  point. 

Berry  also  is  so  definite  as  to  say  that,  '^  After,  or  about  middle  age, 
obliteration  of  the  appendix  is  the  rule,  not  the  exception.'' 

We  have  records  of  221  cases,  and  of  these  the  appendix  was 
pervious  in  196 — that  is,  in  88  per  cent. 

In  133  males  it  was  pervious  114  times,  partially  pervious  3  times, 
16  times  impervious.  In  88  females  it  was  pervious  82  times,  par- 
tially pervious  once,  and  obliterated  in  5  cases. 

Out  of  the  total  of  196  pervious  cases,  no  less  than  91  were  over  50 
years  of  age,  many  of  them  well  over  it — all  the  nineties  were  in  fact 
pervious — 51  male  appendices  over  50  years  of  age  out  of  114  were 
pervious,  and  40  female  appendices  out  of  88  pervious  specimens  were 
over  50  years  of  age. 

The  subjoined  table  expresses  these  points  more  clearly. 

Tablb  VI. — Obliteration  of  Appendix. 

221  Cases  .  .  196  Pervious  =  88-1 

133  Males  ...  114        „       =849 

88  Females       ...  82        „       =931 

It  may  be  that  as  part  of  a  general  physiological  process  of  atrophy, 
that  the  appendix  undergoes  diminution  in  calibre,  and  becomes 
shorter.  We  doubt  if  there  is  any  special  atrophy  of  that  organ ;  at 
all  events,  none  of  the  figures  we  have  presented  warrant  sach  a 
sweeping  statement. 

General  Conclusions — 

1.  That  the  vermiform  appendix  averages  8*4  cm.  in  length. 

2.  That  it  is  1  cm.  longer  in  the  male  than  in  the  female. 

3.  That  there  is  no  very  definite  relation  between  age  and  length  of 

appendix — perhaps  it  is  longest  between  the  ages  of  30-40. 

4.  That  there  is  no  very  definite  relation  between  body  stature 

and  length  of  appendix. 

5.  That  much  more  conclusive  evidence  is  wanted  to  show  that 

there  is  a  special  atrophy  of  the  appendix  in  old  age  or  after 
middle  life. 

(5)  Mr  M*Adam  Ecclbs  showed  specimens  of  abnormally  long  Venm- 
fortn  AppendiceSy  and  said  that  the  length  of  the  vermiform  appeodiz 
is  not  only  of  considerable  interest  from  a  purely  anatomical  point  of 
view,  but  it  is  of  importance  from  a  pathological  aspect.  I  ha?e 
therefore  ventured  to  bring  before  the  Society  this  afternoon  tvo 
specimens  of  unusual  length  of  the  appendix,  each  of  which  was 
associated  with  a  morbid  condition. 

The  first  specimen,  which  I  pass  round,  is  that  of  an  appendix 
which  measured  no  less  than  nine  inches  before  it  was  placed  in 
spirit.  It  was  removed  from  a  man  at  the  West  London  Hospital  bj 
my  colleague,  Mr  C.  B.  Keetley,  on  Jan.  23rd,  1900.  The  patient  had 
had  at  least  two  attacks  of  appendicitis,  and  it  was  about  ten  days 
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after  the  sabsidenoe  of  the  last  that  the  abdomen  nv&s  opened  and  the 
appendix  removed.  The  organ  was  discovered  imbedded  in  adhesions^ 
tortuous,  and  inclining  upwards  and  to  the  left  behind  the  lower  end 
of  the  ileum.  The  extremity  of  the  tube  was  tapered,  and  had  passed 
through  a  layer  of  adherent  peritoneum  close  to  the  mesentery  of  the 
ileum.  It  will  be  noticed  that  although  it  had  been  the  site  of  inflam- 
mation, it.  does  not  show  any  degree  of  enlargement,  thickening,  or 
constriction. 

The  second  specimen  is  one  of  hernia  of  the  vermiform  appendix. 
Here,  again,  the  organ  is  of  unusual  length,  and  has  passed  into  the 
sac  of  a  right  femoral  hernia,  of  which  it  constitutes  the  sole  contents. 
I  apprehend  that  an  appendix  of  more  than  ordinary  length  is  more 
likely  to  find  its  way  into  a  hernial  sac ;  but  I  also  think  that  if  it  has 
been  so  protruded,  that  there  is  a  possibility  of  its  length  being  in- 
creased by  the  drag  that  is  likely  to  be  exercised  upon  it  should  it 
become  adherent  in  the  sac. 

Mr  Black  said  that  there  was  an  abdomen  now  being  dissected  in 
the  Westminster  Medical  School,  in  which  the  vermiform  appendix 
certainly  did  not  exceed  f  inch  in  length.  Last  winter,  in  the  same  dis- 
secting room,  there  was  an  inguinal  hernia  in  which  the  vermiform 
appendix  was  the  sole  content  of  the  sac,  to  the  fundus  of  which  it 
-was  fixed  by  adhesion.  Some  years  ago  he  saw  in  the  same  room  a 
hernia  of  the  c^cum  with  the  vermiform  appendix,  which  was  said  to 
be  a  commoner  condition  than  of  the  latter  only.  With  regard  to  the 
frequency  of  a  patent  foramen  ovale,  Prof.  MacAlister  gives  33%, 
which  almost  precisely  corresponded  with  that  given  by  Prof.  Fa^cett. 

It  was  interesting  to  note  the  bifurcation  of  the  abdominal  aorta 
was  stated  to  occur  to  the  left  of  the  middle  line  in  only  25%  of  the 
cases  examined,  as  he  had  generally  been  unable  to  verify  the  left- 
ward deviation  in  the  course  of  this  great  work,  although  he.  thought 
it  was  usually  mentioned  in  our  text-books. 

•  (6)  Dr  Gaskbll  read  a  paper  on  The  Meaning  of  tlie  lYigeminal 
Group  of  Nerves^  and  the  Relation  of  the  Olfadory  Organ  to  tlie  Old 
Mouth, 

This  paper  forms  the  next  instalment  of  the  series  of  papers  on  the 
origin  of  vertebrates  which  he  has  already  published  in  the  Journal 
of  Anatomy  and  Physiology^  and  will  form  Parts  V.,  VI.,  VII,,  VIII. 

Part  V. — On  the  origin  of  the  pro-otic  segmentation  ;  the  meaning 
of  the  trigeminal  and  eye  muscle  nerves. 

The  evidence  of  the  number  of  segments,  and  the  nature  of  the 
appendages  in  the  prosomatic  region  of  the  Merostomata  is  given,  and 
it  is  pointed  out  how  the  evidence  of  anatomists  and  morphologists  as 
to  the  segmentation  of  the  trigeminal  region  of  the  vertebrate  is  in 
harmony  with  that  of  the  proson^atic  region  of  the  Merostomata,  as 
.determined  by  the  head  cavities,  muscle  segments,  neuromeres,  and 
nerve  distribution.  The  eye  muscles  supplied  by  the  oculomotor  nerve 
are  shown  to  have  been  originally  the  anterior  group  of  dorso-ventral 
somatic  muscles  of  the  prosoma,  belonging  to  the  concentrated  seg- 
ments of  the.  endognaths,  while  the  superior  oblique  supplied  by  the 
trochlearis  nerve  is  shown   to  have  been  the  corresponding  dorso- 
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ventral  muscle  of  the  next  segment,  viz.,  the  segment  belonging  to  the 
pair  of  ectognaths.  By  the  crossing  of  this  muscle  over  the  mid-dorsal 
line  the  position  of  the  trochlearis  nerve  is  explained  after  the  method 
of  explanation  put  forward  by  Ftirbringer.  The  external  rectus  is  the 
foremost  mesosomatic  dorso- ventral  muscle,  which  has  been  pressed  into 
the  service  of  the  eye. 

Part  YI. — The  old  mouth  and  the  olfactory  organ ;  the  meaning  of 
the  1st  nerve. 

In  this  part  the  olfactory  organ  of  the  Meroetomata  is  considered, 
and  it  is  pointed  out  how  the  camerostome  represents  the  conjoined 
olfactory  antennsB  of  the  crustaceans,  and  how  it  absolutely  corre- 
sponds with  the  olfactory  organ  of  the  Ammocostes.  The  camerostome 
forms  an  olfactory  tube,  at  the  end  of  which  the  true  mouth  is  situated, 
leading  into  the  enlarged  pharynx.  By  the  simple  closure  of  the 
mouth,  this  olfactory  tube  becomes  the  hypophysial  tube,  i.e.,  the 
nasal  tube  of  Ammocostes,  and  the  pharynx  with  the  coxal  glands  in 
its  close  neighbourhood  becomes  the  saccus  vasculosus  with  the  pitui- 
tary body  closely  attached  Thus  the  palaeostoma  of  Beard  and  of 
Kuppfer  was  originally  the  mouth  of  the  £urypterid.  The  structure 
of  the  nasal  tube  of  Ammoccetes  is  shown  to  correspond  closely  with 
that  of  the  olfactory  tube  of  Thelyphonus,  and  the  structure  of  the 
pituitary  body  of  AmmocoBtes  with  that  of  the  coxal  glands  oi 
Limulus. 

Part  YII. — On  the  evidence  of  prosomatic  appendages  in  AmmoccBtes. 
.  In  this  part  the  region  supplied  by  the  fifth  nerve  in  Ammocoetes  is 
considered  in  detail,  and  it  is  shown  how  the  consideration  of  the 
skeletal  tissues,  the  muscular  tissues,  and  the  nerve  distribution  of 
this  region  all  point  to  the  conclusion  that  the  oral  chamber  of  Ammo- 
coetes  was  formed  from  the  Eurypterid  metastomal  chamber ;  and  that 
in  the  lower  lip,  the  tongue,  the  tentacles,  and  upper  lip  we  have  the 
last  remnants  of  the  metastoma,  the  pair  of  ectognaths,  the  endo- 
gnaths,  and  prosternite  of  the  Eurypterid  ancestor. 

Part  VIII. — Tlie  palseontological  evidence  —  Ammocoetes  a  Cephal- 
aspid. 

In  this  part  the  evidence  of  the  external  muco-cartilaginous  skeleton 
of  the  Ammocoetes,  together  with  the  changes  it  undergoes,  is  con- 
sidered, and  its  extent  mapped  out.  This  muco-cartilaginous  skeleton 
•forms  a  ventral  and  a  dorsal  head-shield  of  exactly  the  same  shape 
and  character  as  the  dorsal  and  ventral  shields  of  the  Cephalaspids, 
and  it  is  pointed  out  how  all  the  structures  seen  in  the  dorsal  shields 
of  these  old  fishes  are  the  same  in  character  and  position  as  those  seen 
in  Ammoccetes.  Further,  the  structure  of  this  muco-cartilage  is  re- 
markably similar  to  that  of  the  so-called  bone  in  these  ancient  head- 
shields.  The  conclusion,  therefore,  is  arrived  at  that  Ammocoetes  is  a 
Gephalaspid,  just  as  must  have  been  the  case  if,  on  the  theory  put  fo^ 
ward  in  this  series  of  papers,  the  first  formed  fishes  were  Ammocoetean 
in  nature.  The  full  paper  will  appear  shortly  in  the  Journal  of 
Anatomy  ami  Physiology. 

(7)  Mr  Edrbd  M.  Corner  read  the  following  note  upon  the  BdaHom 
of  the  Ureter  from  the  point  where  it  crosses  the  external  iliac  arteiy 
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to  where  it  enters  the  posterior  peritoneal  ligament  of  the  bladder. 
Twenty-five  bodies  were  examined,  and  the  note  is  only  presented  in 
this  form  as  the  examinations  could  be  no  longer  carried  out.  The 
ureter  crossed  the  external  iliac  artery  more  frequently  than  the  bifur- 
cation of  the  common  iliac.  It  then  came  in  relation  with  the  external 
iliac  veins.  The  origin  of  the  common  iliac  vein  is  not  infrequently 
distal  to  the  bifurcation  of  the  corresponding  artery.  In  this  case 
the  ureter  will  lie  upon  the  common  iliac  vein,  and  then  on  the  internal 
iliac  vein.  The  ureter  then  followed  successively  the  anterior  border  of 
the  internal  iliac  artery,  the  anterior  border  of  the  anterior  branch  of 
the  internal  iliac  artery,  the  anterior  border  of  the  common  hypogastric 
trunk  crossing  the  superior  vesical  vessels  and  followins:  the  superior 
border  of  the  inferior  vesical  artery  to  the  bladder.  It  was  pointed 
out  that  the  superior,  inferior,  and  uterine  arteries  seemed  to  arise 
successively  from  the  hypogastric  trunk,  and  not  as  indicated  by  the 
diagram  in  the  Report  of  the  Committee  of  Collective  Investigation, 
1895-96,  p.  14.  Some  text-books  state  that  the  obturator  internus  is 
a  relation  to  the  ureter,  but,  as  was  pointed  out,  it  is  separated  from 
it  by  the  planes  of  the  arteries  and  veins,  and  deep  to  these  that  of 
the  obturator  nerve.  The  obturator  artery  passes  beneath  the  ureter 
and  the  inferior  vesical  artery. 

(8)  Mr  Edred  M.  Corner  read  a  paper  on  Tlie  Varieties  and  Struc- 
ture of  the  Patella  of  Alan,  with  a  comparison  with  that  of  a  quadru- 
ped, of  which  the  following  is  an  abstract : — 

The  forms  of  the  human  patella  may  be  roughly  classified  into 
triangular,  oblique,  elliptical,  and  circular;  the  approximate  per- 
centages of  these  forms  being  66,  20,  9,  and  5  respectively.  In  the 
female  bone  the  oblique  and  elliptical  types  were  more  frequently 
found.  On  an  average  the  female  patella  was  lighter  than  the  male. 
No  racial  characters  could  be  discovered. 

The  quadruped's  patella,  owing  to  the  naturally  flexed  knee,  bears 
a  constant  strain  and  is  a  strong  bone,  supported  by  the  femur  in 
almost  its  entire  length.  In  man,  the  weight  being  transmitted 
directly  from  the  femur  to  the  tibia,  the  patella  is  largely  functionless. 
It  is  also  a  relatively  broader  and  thinner  bone,  and  is  not  nearly  so 
completely  supported  by  the  femur.  In  connection  with  the  greater 
strain  on  the  quadruped's  patella,  it  is  interesting  to  note  that  muscles 
are  inserted  into  it  that  are  not  so  in  man,  e,g.  the  biceps  and  gracilis 
(Journal  of  Anatomy ,  xxxii.  p.  737). 

On  examining  a  sagittal  section  of  a  human  patella,  it  is  seen  that 
the  anterior  surface  is  composed  of  compact  bone  in  which  the  fibres 
run  parallel  to  the  surface.  At  the  upper  end  of  the  bone  the  com- 
pact layer  originates  in  a  mass  of  dense  bone  which  corresponds  to  the 
main  insertion  of  the  quadriceps  tendon.  Towards  the  lower  end  or 
apex  of  the  bone  the  anterior  compact  layer  becomes  thinner,  and 
practically  ends  before  the  apex  is  reached.  On  the  deeper  surface 
of  this  layer  the  fibres  become  more  and  more  separated  from  each 
other,  and  towards  the  centre  form  part  of  the  mesh  work. 

Next  to  the  articular  cartilage  is  a  much  thinner  layer  of  compact 
bone  which  is  thickest  in  the  upper  half  and  gets  thinner  as  the  apex 
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is  approached.      Its  deeper  fibres  join  the  central  meshwork  more 
quickly  than  the  anterior  fibres  do. 

These  compact  layers  vary  much  in  thickness  in  different  specimens, 
and,  as  might  be  expected,  are  usually  best  developed  in  male 
patellae.^  The  longitudinal  fibres  are  by  far  the  best  developed  in 
the  anterior  portion  of  the  bone,  and  represent  lines  of  traction.  It  is 
interesting  to  note  that  in  this  situation  the  leverage  gained  from  the 
thickness  of  the  patella  has  the  greatest  mechanical  advantage. 

The  central  part  between  these  two  layers  of  compact  bone  is  com- 
posed mainly  of  trabeculsB  joining  them.  These  trabecule  are  con- 
verted into  a  kind  of  meshwork  by  the  irregular  longitudinal  or 
traction  fibres  mentioned  above.  In  the  upper  half  of  the  section  the 
connecting  fibres  tend  to  run  more  or  less  at  right  angles  to  the  two 
layers  of  compact  bone.  In  the  lower  half  or  one-third  their  direc- 
tion becomes  more  and  more  obhque,  the  meshwork  becoming  also 
gradually  more  and  more  open  as  the  apex  is  reached.  At  the  upper 
end  of  the  bone  there  is  also  a  slight  tendency  towards  an  obliquity 
in  the  opposite  direction,  ue,,  from  behind  upwards.  The  ends  of  the 
fibres  near  the  articular  surface  are  closer  together  than  at  their 
opposite  ends.  These  fibres  represent  pressure  lines  of  the  patella 
upon  the  femur,  and  it  is  of  interest  to  note  that  they  are  closest 
together  in  the  upper  half  of  the  bone.  The  point  at  which  they 
begin  to  fray  out  into  the  apex  varies  considerably,  and  is  specially 
affected  by  the  length  of  the  bone  and  the  development  of  the  apex. 
It  is  also  indicated  that  from  this  point  downwards  the  patella  la 
largely  unsupported  by  the  femur,  and  at  the  apex  not  at  sdl.  As  it 
is  the  lower  of  the  facets  of  the  patella  which  are  in  contact  with  the 
femur  when  the  knee  is  extended,  comparatively  little  pressure  is 
exerted  on  the  femur ;  the  patella,  therefore,  must  be  largely  fnnc- 
tionless  in  this  position. 

Special  notice  may  be  taken  of  the  internal  architecture  of  the 
apex.  This  apex  may  or  may  not  be  developed.  It  is  especially  well 
developed  in  the  "large  triangular"  variety  of  the  patella,  which 
roughly  forms  about  12  per  cent,  of  all  patellae.  The  structure  may 
be  briefiy  described  as  follows.  The  deeper  fibres  of  the  anterior 
compact  layer  gradually  fray  out  into  the  apex.  The  pressure  lines 
become  markedly  oblique,  t.e.,  become  traction  lines,  and  lace  with 
the  former,  forming  the  mechanical  contrivance  best  adapted  for  the 
support  of  the  apex. 

Sections  of  the  patellffl  of  the  sheep  and  ox  were  also  compared 
with  those  of  the  human  bone.  They  differed  in  being  composed  of 
far  more  dense  bone,  the  more  anterior  and  less  superior  insertion  of 
the  quadriceps  tendon ;  the  pressure  lines  directly  connected  the 
anterior  and  posterior  layers  of  compact  bone  without  the  obliquity 
as  seen  in  man.  The  structure  agreed  with  the  mechanical  disposi- 
tion of  the  bone  as  pointed  out  above.  In  the  lower  end  of  the  bone 
no  interlacement  of  the  traction  and  pressure  fibres  is  present  like 
that  seen  in  the  apex  of  the  patella  of  man,  t.e.,  in  the  quadruped 
the  femur  entirely  supports  the  patella. 

^  Poirier,  TraiU  d^Aiiatomie^  1897,  p.  224,  has  pointed  out  the  thinning  as 
age  adyanoea. 
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A  Meeting  of  the  Society  was  held  at  the  Loudon  Hospital  Medical 
College,  Whitechapel,  E.,  on  Friday,  May  11th,  at  4.30  p.m.  The 
President,  Professor  Young,  was  in  the  chair.  Fifteen  members  and 
five  visitors  were  present. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

The  following  candidates  were  elected  members  of  the  Society  : — 
A.  Low,  M.A.,  M.B.,  CM.,  Senior  Demonstrator  of  Anatomy, 
University  of  Aberdeen,  proposed  by  W.  R.  Reid,  A.  Keith,  F.  G. 
Parsons.  H.  B.  Mylvaganam,  Esq.,  proposed  by  T.  Openshaw,  A. 
Keith,  A.  H.  Yomig.  H.  Barnard,  M.B.,  M.S.,  F.RC.S.,  Demon- 
strator of  Anatomy,  London  Hospital  Medical  College,  proposed  by 
T.  Openshaw,  H.  Rigby,  T.  H.  Sequeira.  E.  Angas  Johnson,  M.B., 
proposed  by  A.  Keith,  H.  Rigby,  F.  G.  Parsons. 

(l)  Dr  Arthur  Robinson  showed  (a)  a  case  of  Diaphragmatic 
Hernia.  The  specimen  was  a  fully  developed  foetus  which  did  not 
breathe  after  birth.  There  was  no  external  evidence  of  any  abnormal 
condition,  but  when  the  anterior  abdominal  wall  was  removed,  the 
only  viscera  discernible  were  the  liver,  the  ovaries,  the  bladder,  and 
a  portion  of  the  colon.  On  removal  of  the  anterior  wall  of  the  thorax, 
the  heart,  pericardium,  and  thymus  gland  were  found  pushed  over 
to  the  right  side,  and  the  left  half  of  the  thoracic  cavity  was  seen  to 
be  occupied  by  the  small  intestine,  the  greater  part  of  the  large 
intestine,  the  spleen,  and  a  portion  of  the  stomach.  The  small 
intestine  was  below  and  in  front,  the  vermiform  appendix  and  caecum 
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lay  along  the  left  side  of  the  perioardium,  the  greater  part  of  the 
colon  was  plaoed  above  and  behind,  and  the  fundus  of  the  stomach 
and  the  spleen  were  behind  the  compressed  left  lung  and  the 
pericaidium. 

The  left  half  of  the  diaphragm  was  represented  by  a  semilunar 
fold  of  muscle  attached  in  front  and  externally  to  the  inner  surface 
of  the  ribs,  whilst  behind  and  internally  it  terminated  in  a  sharp 
tendinous  margin  which  formed  the  antero^xtemal  boundary  of  a 
large  orifice  of  communication  between  the  abdominal  and  thoracic 
cavities.  This  orifice  was  bounded,  behind  and  internally,  by  the 
vertebral  column  and  the  posterior  wall  of  the  thorax.  Obviously, 
therefore,  the  specimen  was  an  example  of  the  not  very  uncommon 
condition  produced  by  the  non-union  of  the  lateral  outgrowths 
from  the  septum  transversum  with  the  dorsal  mesentery  of  the 
gut. 

(b)  A  series  of  lantern  slides  showing  tJie  Position  of  the  I'yloric 
Orifice  of  the  Stomach  in  four  bodies — three  females  and  one  male — 
in  which  the  viscera  had  been  fixed  by  formal. 

In  case  (a),  a  female  35  years  old,  the  stomach  was  almost  empty, 
and  the  pyloric  orifice  was  distinctly  to  the  right  of  the  middle  line 
under  the  centre  of  the  quadrate  lobe  of  the  liver,  on  a  level  with  the 
ninth  right  rib  in  the  mid-axillary  line,  with  the  disc  between  the 
first  and  second  lumbar  vertebra),  and  behind  the  right  costal  car- 
tilage, midway  between  the  mid-sternal  and  mid-axillary  lines. 

In  case  (b),  a  female  73  years  old,  the  stomach,  which  was  empty, 
had  the  form  of  a  long  tube  slightly  dilated  at  its  upper  end,  to  the 
left  and  behind  the  oesophagus,  and  but  slightly  to  the  right  at  its 
lower  end.  The  pyloric  orifice  was  to  the  left  of  the  middle  line,  on  a 
level  with  the  tenth  rib  in  the  mid-axillary  line. 

In  case  (c),  a  female  4j5  years  old,  the  stomach  was  moderately 
distended,  and  the  pyloric  orifice  was  to  the  right  of  the  middle  line, 
on  a  level  with  the  second  lumbar  vertebra,  and  with  the  middle  of 
the  ninth  intercostal  space  in  the  mid-axillary  line,  and  behind  the 
eighth  right  costal  cartilage,  midway  between  the  mid-sternal  and 
mid-axillary  lines. 

In  case  (d),  a  male  70  years  old,  the  stomach  was  empty  and 
tubular  in  form,  with' a  slight  dilatation  behind  and  to  the  left  of 
the  oesophagus.  It  was  bent  twice  on  in  its  long  axis ;  commencing 
from  the  fundus,  it  lan  at  first  forwards  and  to  the  right,  then  down- 
wards with  a  slight  inclination  to  the  right ;  and  finally  backwards 
and  to  the  right  to  the  pylorus,  which  lay  on  a  level  with  the  ninth 
right  rib  in  the  mid-axillary  line,  with  disc  between  the  first  and 
second  lumbar  vertebrae,  and  behind  the  eighth  right  costal  cartilage, 
midway  between  the  mid-sternal  and  mid-axillary  lines. 

The  conclusions  drawn  from  the  specimens  were : — 

1.  That  the  condition  of  distension  of  the  stomach  has  not  much 
effect  upon  the  position  of  the  pyloric  orifice. 

2.  That  the  position  of  the  pyloric  orifice  is  largely  dependent 
upon  the  length  of  the  small  omentum. 
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(c)  Lanteru  slides  illuBtrating  the  Positiana  of  the  Pulmanaryy  AortiCy 
Mitral^  awl  Trieutpid  Orifices  of  the  Heart  in  two  fonnal  hardened 
bodies — one  a  male  body  70  years  old,  and  the  other  a  female  46. 
years  old,  affected  with  slight  lateral  spinal  curvature,  the  oonvexity 
of  the  curve  being  to  the  right  side. 

In  both  cases  the  centres  of  the  pulmonary  and  mitral  orifices 
were  in  almost  the  same  vertical  plane,  and  the  centre  of  the  aortic 
orifice  was  slightly  to  the  right  of  the  centre  of  the  pulmonary  and. 
mitral  orifices. 

In  the  male,  the  centre  of  the  pulmonary  orifice  was  behind  the 
left  margin  of  the  sternum,  on  a  level  with  the  middle,  of  the  sternal 
end  of  the  foiirth  costal  cartilage. 

The  centre  of  the  aortic  orifice  was  behind  the  sternum,  on  a  level 
with  the  upper  part  of  the  sternal  end  of  the  fifth  left  costal  cartilage, 
and  the  centre  of  the  mitral  orifice  was  behind  the  left  margin  of  the 
sternum,  on  a  level  with  the  lower  part  of  the  sternal  end  of  the 
fifth  left  costal  cartilage. 

The  centre  of  the  tricuspid  orifice  was  behind  the  right  margin  of 
the  sternum  at  the  lower  edge  of  the  sternal  end  of  the  fifth  right 
costal  cartilage,  which  was  slightly  lower  than  the  corresponding 
margin  of  the  fifth  left  cartilage. 

The  distance  between  two  vertical  lines  drawn  through  the  centres 
of  the  tricuspid  and  mitral  orifices  was  30  mm.,  and  the  width  of  the 
sternum  at  the  level  of  the  fifth  intercostal  space  was  24  mm. 

In  the  female,  the  centre  of  the  pulmonary  orifice  was  behind  the 
upper  margin  of  the  third  left  costal  cartilage,  32  mm.  from  the  left 
border  of  the  sternum.  The  centre  of  the  aortic  orifice  was  behind 
the  lower  margin  of  the  same  cartilage,  29  mm.  from  the  margin  of 
the  sternum.  The  centre  of  the  mitral  orifice  was  just  above  the 
upper  margin  of  the  fourth  left  costal  cartilage,  and  vertically  below 
the  centre  of  the  pulmonary  orifice. 

The  centre  of  the  tricuspid  orifice  was  behind  the  sternal  extremity 
of  the  left  fifth  costal  cartilage. 

The  distance  between  vertical  lines  drawn  through  the  centres  of 
the  mitral  and  tricuspid  orifices  was  29  mm.,  and  the  width  of  the 
sternum  at  the  level  of  the  tricuspid  orifice  was  29  mm« 

{d)  Liantem  slides  aiid  dissections  illustrating  the  Relation  of  the 
TcmeU  to  the  Facial  and  External  Carotid  Arteries, 

Mr  M'Adam  Eggles  said  that  he  was  particularly  interested  in  the 
specimen  of  diaphragmatic  hernia  shown  by  Dr  Arthur  Robinson. 
He  asked  for  the  exact  position  of  the  diaphragm  through  which  the 
hernial  protrusion  had  taken  place.  He  believed  that  these  protru- 
sions were  nearly  always  found  on  the  left  side,  and  were  attributed 
to  a  want  of  development  of  the  muscular  tissue  of  the  diaphragm, 
possibly  as  the  outcome  of  abnormal  distribution  or  imperfect  forma- 
tion of  the  phrenic  arteries.  He  would  be  glad  to  know  whether 
Dr  Robinson  could  inform  him  as  to  the  occurrence  of  similar 
deformities  on  the  right  side,  where  actual  passage  of  the  abdominal 
viscera  into  the  thorax  would  be  unlikely,  owing  to  the  solidity  of 
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the  liver.  The  displacement  of  the  heart  over  to  the  right  might 
lead  to  the  erroneous  supposition  of  the  presence  of  transposition  of 
viscera. 

With  regard  to  the  position  of  the  pylorus,  this  wsjb  a  matter  of 
considerable  importance  to  the  operating  surgeon,  and  Mr  £>scles 
still  thought  that  the  distension  or  otherwise  of  the  viscus  played 
some  part  in  determining  the  place  at  which  the  pyloric  end  might 
be  situated.  In  cases  of  obstruction  at  the  pylorus,  with  extreme 
dilatation  of  the  organ,  it  was  the  rule  to  find  the  entrance  into  the 
duodenum  well  over  the  right  side  of  the  middle  line,  and  it  was 
particularly  easy  to  perform  a  gastro-enterostomy  well  away  from 
this  region  in  consequence.  But,  on  the  other  hand,  in  instances 
where  there  was  a  constriction  of  the  a3sophagus,  the  stomach  was 
apt  to  be  much  contracted,  and  then  he  had  foimd  the  pylorus  to 
lie  invariably  on  the  left  side,  and  it  was  extremely  difficult  to  make 
an  opening  into  the  fundus  of  the  organ,  as  museum  specimens  of 
gastrostomy  only  too  often  showed. 

The  relationship  of  arteries  to  the  tonsil  was  also  of  great  practical 
importance,  and  Dr  Robinson  must  be  congratulated  on  his  beautiful 
dissections,  proving  the  close  proximity  oif  the  facial  artery  to  the 
structure  On  removing  the  tonsil  by  the  guillotine,  it  was  usually 
the  habit  of  surgeons  to  press  inwards  at  a  point  a  little  below  and 
behind  the  angle  of  the  mandible;  but  from  these  disseetions,  it 
would  appear  that  this  is  somewhat  a  risky  proceeding,  as  tending  to 
bring  the  facial  vessel  in  closer  relationship  to  the  tonsil  and  the 
cutting  instrument. 

(2)  Mr  Parsons  made  some  remarks  on  the  External  Semilunar 
Cartilage  of  the  Knee  in  the  Primates,  He  said  that  he  had  already 
treated  the  subject  in  his  Hunterian  Lectures,  and  that  the  only  excuse 
he  had  for  returning  to  it  was,  that  he  had  rec-ently  obtained  a  good 
deal  of  fresh  material.  The  lemurs  and  marmosets,  he  said,  seemed  to 
have  the  generalised  mammalian  condition  of  the  cartilage  as  far  as 
its  posterior  attachment  went ;  that  is  to  say,  it  was  attached  to  the 
back  of  the  outer  side  of  the  inner  condyle  of  the  femur.  In  all  the 
monkeys  and  apes  he  had  examined,  exclusive  of  the  marmosets,  the 
external  semilunar  cartilage  formed  a  complete  ring,  and  was  semi- 
lunar only  in  name.  The  knee-joint  of  a  chimpanzee  was  exhibited, 
and  Mr  Parsons  stated  that  he  had  found  a  similar  arrangement  in 
the  orang  as  well  as  in  a  large  and  representative  series  of  both 
platyrhiue  and  catarrhine  monkeys.  As  he  had  never  had  the 
chance  of  examining  a  gorilla's  knee,  he  was  not  quite  certain  where 
the  transition  to  the  human  arrangement  occurs,  but  the  presence 
of  the  three  types  of  meAiscus  in  the  order  struck  him  as  interesting. 
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(3)  Tvao  CaiMs  of  Cervical  Ribs.  By  Llbwbllyn  C.  P.  Phillips, 
M.A.,  M.B.,  B.C.,  F.R.C.S.,  Demonstrator  of  Anatomy,  St  Bar- 
tholomew's Hospital. 

The  two  cases  detailed  below  occurred  in  subjects  in  the  dissecting- 
room  of  St  Bartholomew's  Hospital  dui'ing  the  last  winter  session. 

The  two  cases  together  are  interesting,  as  in  the  first,  a  male, 
there  was  a  very  well-developed  cervical  rib,  practically  reaching  to 
sternum  on  the  right  side,  and  well  developed  on  the  left.  The 
same  body  had  also  a  deformity  of  one  of  the  costal  cartilages,  which 
seems  to  be  rare,  only  one  author  drawing  special  attention  to  it 
(tig.  2).  The  vertebrse  also  showed  abnormalities — a  spina  bifida  of 
the  axis,  and  fibrous  union  of  the  arch  with  the  body  of  the  fifth 
lumbar  vertebra. 

In  the  second  case,  a  female,  the  cervical  ribs  were  more  feebly  de- 
veloped, and  only  the  right  was  movable.  There  was,  however,  attached 
to  the  sternum  on  each  side  a  costal  cartilage,  a  fibrous  band  filling  up 
the  gap.     The  sternum  and  ensiform  cartilage  showed  foramina. 

In  each  case  the  vertebra  formula  was  normal,  so  these  two  cases 
are  true  examples  of  cervical  ribs. 

The  relations  of  the  vessels  and  muscles  are  fully  given,  and  it  will 
Vn3  noted  in  each,  the  arch  of  the  aorta  reached  up  to  the  level  of  the 
top  of  the  manubrium  sterui. 

No.  1.  Male  Subject — A  pair  of  toell  developed  movabhj  articulated 
cervical  ribs.  Spina  bifida  of  axis ;  Mfid  codal  carii/agey  fifth 
lumbar  vertebra  in  two  separate  portions. 

Vertebral  formula,  C.  7,  D.  12,  L.  5,  S.  5. 

Gonditio/i  of  the  vertebral  column : — 

Atlas. — The  centre  of  the  posterior  arch  is  deficient;  the  gap, 
measuring  ^  in.,  is  filled  up  with  strong  fibrous  tissue. 

Axis. — Spine  bifid. 

3rd  cervical. — The  spine  bends  to  the  left  near  its  tip,  appearing 
to  represent  the  left  half  of  a  bifurcation. 

^th  cervical. — The  spine  is  bifid,  but  the  left  fork  is  larger. 

5th,  6th,  ami  1th  cervical. — Spines  are  not  bifid. 

The  thoracic  vertebrae  are  normal,  save  that  the  spine  of  the  tenth 
resembles  that  of  the  anticlinal  vertebra. 

The  fifth  lumbar  vertebra  is  in  two  portions,  the  anterior  consist- 
ing of  the  centrum  and  superior  zygapophyses,  the  posterior  of  the 
arch,  spine,  and  inferior  zygapophyses,  the  two  portions  being  con- 
nected by  strong  ligaments. 

Description  of  tlie  ribs : — 
1  pair  cervical  ribs 
1 2  pairs  thoracic  ribs  =  26. 
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CerviccU  rids, — 

On  the  right  side  it  resembles  a  well-formed  normal  first  thoracic 
rib,  possessing  a  head,  neck,  tubercle,  and  body,  and  articulates  with 
a  cartilage  in  front  (fig.  1). 

The  head  articulates  with  the  body  of  the  7th  cervical  vertebra, 
with  the  invertebral  disc,  and  slightly  with  the  body  of  the  6tli 
cervical  vertebra;  its  tubercle  articulates  with  the  transverse  pro- 
cess of  the  7th  cervical  vertebra. 

On  the  inner  border  of  the  body  is  a  well-marked  scalene  tubercle, 
with  a  groove  behind  it  for  the  subclavian  artery  and  the  inferior 
trunk  of  the  brachial  plexus. 

In  front,  at  its  articulation  with  its  cartilage,  it  is  broader  than 
the  cartilage  and  projects  below  it,  the  upper  border  of  the  -  rib  and 
cartilage  being  in  the  same  line. 

Its  costal  cartilage  unites  at  its  other  end  with  the  cartilage  of 
the  first  dorsal  rib  and  is  ossified. 

At  the  upper  end  of  the  manubrium  stemi  is  a  rod  of  cartilage 
half  an  inch  long,  articulating  with  the  mauubriiun  and  touching  the 
cartilage  of  the  cervical  rib ;  at  its  sternal  end  there  is  a  gap  between 
it  and  the  first  dorsal  costal  cartilage ;  this  rod  seems  to  represent 
the  sternal  portion  of  the  cervical  costal  cartilage. 

On  the  left  side  the  rib  is  shorter  and  narrower,  and  neither 
reaches  the  sternum  nor  the  first  dorsal  rib. 

It  consists  of  a  head,  neck,  tubercle,  and  body. 

Its  head  articulates  with  the  body  of  the  7  th  cervical  vertebra, 
with  the  intervertebral  disc,  and  slightly  with  the  body  of  the  6th 
cervical  vertebra.  Its  tubercle  articulates  with  the  transverse  process 
of  the  7th  cervical  vertebra. 

Its  body  in  front  is  pointed,  and  is  connected  with  the  upper  end 
of  the  manubrium  stemi  by  a  fibrous  band.  There  is  no  costal 
cartilage. 

Its  upper  surface  is  grooved  for  the  inferior  trunk  of  the  bfBchial 
plexus,  a  scalenus  minimus  muscle  raising  the  subclavian  arterr 
ofl^  the  rib. 

Musdee  attadied  to  tJie  cervical  ribs.  — 

Right  sifle.  Scalenus  anticus. 

„        medius. 
Pair  of  intercostal  muscles* 

Ijeft  side.     Scalenus  anticus. 

„        minimus. 
„        medius. 
Pair  of  intercostal  muscles. 

The  scalenus  anticus  on  the  left  side  is  attached  to  the  rib,  close 
to  its  tip,  and  there  is  a  slight  indication  of  a  tubercle ;  part  of  this 
muscle  is  separated  off  as  a  scalemts  minimus,  which  is  inserted  into 
the  rib  between  the  subclavian  artery  and  the  brachial  plexus,  lifting 
the  former  ofl^  the  bone. 
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The  intercostal  musdes, — 

The  right  external  intercostal  of  the  cervico-dorsal  interspace  is 
thick  and  its  fihres  vertical,  and  extends  from  one  end  of  the  space 
to  the  other ;  the  lower  attachment  is  to  the  outer  surface  of  the 
Ist  dorsal  rib,  to  a  deep  groove,  as  on  a  typical  2nd  dorsal  rib. 

The  internal  intercostal  muscle  is  only  present  at  the  hinder  end 
of  the  space,  and  its  fibres  are  horizontal. 

Between  the  two  muscles  there  is  a  stratum  of  fascia  containing 
some  strong  fibres,  which  run  obliquely  in  the  direction  of  the  typical 
internal  intercostal  muscular  fibres. 

The  left  external  intercostal  muscle  is  thick,  as  on  the  right  side ;  and 
the  internal  intercostal  muscle  does  npt  extend  quite  to  the  tip  of 
the  rib ;  in  front  it  is  represented  by  fibrous  fibres. 


7th.  cervical  Rib 


7th.C9r9lO€J 

ff/b  \' 


Fig.  1. — Diagram  of  the  Cervical  Ribs  in  Case  1. 


There  was  no  attacliment  of  the  serratus  magnus  on  either  side  to 
the  cervical  ribs. 

Thoracic  ribs. — 

The  first  thoracic  rib  on  either  side  has  the  character  of  a  normal 
second  thoracic.     (For  measurement,  see  below.) 

The  first  right  costal  cartilage  is  attached  to  the  side  of  the 
manubrium  stemi  along  a  line  1^  inch  long,  its  lower  border  is 
straight,  and  If  inch  long  at  its  outer  end ;  below '  it  articulates 
with  the  first  dorsal  rib,  and  above  it  is  continuous  with  the  costal 
cartilage  of  the  cervical  rib. 

At  its  attachment  to  the  dorsal  rib  it  is  f  inch,  to  the  cervical 
cartilage  ^  inch,  the  length  from  the  manubrium  stemi  to  where 
the  rod  of  cartilage  from  the  sternum  touches  the  cervical  costal 
cartilage  is  f  inch. 

It  is  not  ossified. 

On  the  left  side  the  cartilage  is  fan-shaped,  and  unites  with  the 
maimbrium  along  a  line  If  inch  long;  between  the  upper  border 
and  cUvicular  facet  is  an  interval  of  ^  iuch. 

Its  lower  border  is  2  inches  long. 

Its  iipper  border  is  J  inch  long.  • 
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The  cartilage  of  the  3rd  thoracic  rib  on  the  right  side  is  2^  inches 
long  and  1^  inches  from  the  sternum  bifurcates ;  the  upper  portion 
of  the  bifurcation  is  free  and  pointed,  and  ^  inch  in  length,  aud 
gives  origin  to  the  internal  intercostal  muscle. 

The  3rd  thoracic  rib  at  its  sternal  end  is  broader  than  the 
cartilage,  the  upper  portion  of  it  being  free,  whilst  the  lower  border 
of  both  rib  and  cartilage  are  in  a  line. 

The  appearance  at  first  suggests  injury,  with  displacement  of  the 
upper  portion  of  the  cartilage ;  but  Arbuthuot  Lane  has  recorded  two 
similar  cases  {vide  Bibliography)  of  a  costal  cartilage  of  about  the 
same  level. 

Seven  thoracic  ribs  articulate  with  the  sternum. 

The  twelfth  thoracic  rib  is  short. 

No  other  rib  calls  for  comment 

y/'  fmttreoaial 
^^      JTifw/* 


Fig.  2.— Diagram  of  bifurcated  Sid  Costal  Cartilage  in  Case  1. 


Dimensions  of  the  Ribs. 

Ifh  CervicaJI, — R,  Chord  head-tip,  2|  inch. 

Convex  border  head-tubercle,  \\  inch 

tubercle-tip,  3 J  inches  =4  J. 
Zfc  Chord  head-tip,  2^  inches. 

Convex  border  head-tubercle,  \\  inch 

tubercle-tip,  3^  inches  =  4 1. 
Xst  Thoracic — R,  Chord  head-tip,  3^  inches. 

Convex  border  tubercle-tip,  6  inches. 
L,  Chord  head-tip,  3^  inches. 

Greater  nerve  tubercle-tip,  6J  inches. 
\2th  Thoracic — R.  2  inches. 

Z.  1^  inch* 

Sternum. — 

The  manubriiun  stemi  is  3  inches  long,  and  the  left  half  is  rather 
bigger  than  the  right;  the  right  border  sloping  oJQf  from  its  lower 
end  upwards  and  outwards,  more  obliquely  than  the  left 

The  Ist  thoracic  c.c.  is  joined  to  it  on  either  side,  and  the  above- 
mentioned  cartilage  rod  on  the  right  side.  Its  greatest  breadth  is 
2|  incheSi  its  narrowest  1  inch. 

At  the  junction  of  manubrium  and  body,  the  2nd  dorsal  rib  on 
each  side  articulates. 

The  gladiolus  is  3^  inches  long. 

The  ensiform  cartilage  2  inches. 
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The  upper  opening  of  the  thorax  is  asymmetrical.  Its  antero-posterior 
diameter  is  2^  inches,  its  transverse  3^.  The  median  antero-pos- 
terior diameter  cuts  the  transverse  1^  inches  from  the  right  side. 

Arterial  system. — 

The  aortic  arch  reaches  to  the  level  of  the  manubrium  sterni,  so 
that  the  left  subclavian  artery  has  practically  no  intrathoracic  course. 

The  left  common  carotid  arises  from  the  commencement  of  the 
innominate  artery. 

The  right  subclavian  artery  bends  up  from  the  innominate  to  pass 
over  the  cervical  rib,  thus  taking  a  rather  sigmoid  course,  the  first 
stage  lying  directly  behind  the  right  common  carotid. 

The  right  vertebral  artery  is  given  off  from  the  right  subclavian 
^  inch  above  its  origin,  and  is  about  the  diameter  of  the  radial  artery 
at  the  wrist. 

It  passes  into  its  canal  through  the  dth  cervical,  as  to  transverse 
process. 

The  left  vertebral  is  large,  being  about  three  times  the  size  of  the 
right,  and  also  enters  the  5th  cervical  vertebrachial  foramen. 

The  right  deep  cervical  artery  comes  off  directly  from  right  sub- 
clavian, and  after  running  parallel  with  the  vertebral  artery,  turns 
backwards  between  the  5th  and  6th  cervical  vertebrae. 

There  are  two  deep  cervical  arteries  on  the  left  side :  one  arises 
from  the  superior  intercostal,  and  turns  back  between  the  6th  and 
7th  cervical  vertebrae ;  the  other  arises  independently,  and  turns  back 
between  the  5th  and  6th  cervical  vertebrae. 

The  left  innominate  vein  is  in  front  of  the  arch  of  the  aorta,  and 
the  left  vertebral  vein  passes  behind  the  subclavian  artery  to  join  it. 

The  brachial  plexus  was  nominally  constituted  the  lowest  tnmk 
formed  of  the  8th  cervical  nerve,  and  the  1st  dorsal  crossed  over  tJie 
cervical  rib,  grooving  it.  On  the  left  side,  the  continuation  of  the 
first  dorsal  nerve  supplied  both  the  space  between  the  7th  cervical 
and  1st  thoracic  rib  and  the  space  between  the  1st  thoracic  and  2nd 
thoracic  ribs.  It  was  not  possible  to  ascertain  the  nerve  supply  of 
the  supernumerary  space  on  the  right  side  without  seriously  dam- 
aging the  specimen. 

No.  2.  Female  Subject. — A  pair  of  cervical  ribs,  movably  articulated 

on  right  side^  fixed  on  left  side. 

Vertebral  formula— C.  7,  D.  12,  L.  5,  S.  5. 

Condition  of  the  vertebral  column. — Some  osteo-arthritis  present. 

5th  and  6th  cervical  vertebrae  are  fused,  nearly  completely,  but 
their  spines  are  almost  free. 

The  transverse  process  on  the  left  side  of  the  7th  cervical  vertebra,  as 
viewed  from  behind,  is  more  anterior  than  the  other  transverse  processes. 

The  spines  of  the  lumbar  vertebrae  show  a  tendency  to  bifurcation. 

Condition  of  the  ribs : — 

1  pair  cervical 
12  pairs  thoracic  ^  J6. 
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The  cervical  ribs. — 

The  right  one  is  movable,  and  articulates  with  the  body  and  trans- 
verse process  of  the  7th  cervical  vertebra,  and  it  consists  of  a  head, 
neck,  tubercle,  and  short  body. 

The  upper  surface  of  the  body  is  deeply  grooved  for  the  brachial 
plexus  and  the  subclavian  artery,  and  ends  in  front  in  a  rounded 
point  at  the  insertion  of  the  scalenus  anticus.  The  whole  rib  is 
Large,  and  triangular  behind  as  far  as  the  groove,  and  narrow  in  front. 

From  the  tip  a  fibrous  band  runs  to  a  cartilage  which  articulates 
with  the  sterniim  above  the  first  dorsal  cartilage. 

The  left  rib  is  continuously  ossified  to  the  transverse  process,  as  in 
a  typical  7th  vertebra,  but  it  projects  beyond  the  general  line  of 
costal  processes,  and  its  tip  is  connected  by  a  fibroas  band  to  a 
cartilage  which  articulates  with  the  sternum  above  the  first  dorsal 
cartilage,  as  on  the  right  side. 

This  costo-transverse  process  has  two  foramina  in  it^  through  the 
anterior  of  which  runs  a  small  branch  of  the  superior  intercostal 
artery,  and  thence  inwards  along  the  7th  cervical  nerve. 

The  length  of  the  rib  is  difficult  to  estimate  (see  below  for  full 
measurement),  but  from  the  outer  margin  of  the  main  foramen  to  the 
tip  the  bone  is  1  inch  long  (the  normal  measurement  being  about 
^  to  ^  inch). 

It  is  grooved  for  the  brachial  plexus. 

The  cartilage  is  continuously  ossified  with  the  sternum,  and  is 
difficult  to  measure. 

From  this  cartilage  runs  a  second  fibrous  band  horizontally  to  the 
inner  border  of  the  first  thoracic  rib ;  this  second  band  is  2\  inches 
long. 

The  relation  of  the  scalenus  anticus  to  the  bands  is  peculiar ;  no 
similar  arrangement  seems  to  have  been  described  previously.  The 
muscle  passes  behind  the  band,  which  stretches  between  the  cervical 
rib  and  its  costal  cartilage,  and  is  inserted  into  the  lower  band  be- 
tween the  first  thoracic  rib  and  the  cervical  costal  cartilage. 

Muscle  cdtached  to  the  GerviecU  Ribs, 

Right.  Scalenus  medius. 

Scalenus  anticus  (and  to  ligament). 
External  intercostal. 

(1  Internal  intercostal ;  the  muscles  were  too  damaged  to  be 
certain  of). 
Left.  External  intercostal. 
?  Internal  intercostal. 
The  scalenus  anticus  was  inserted  at  the  lower  band,  as  described 
above. 

The  sorratus  magnus  was  not  attached  to  either  cervical  rib. 
Thoracic  Hbs, — Seven  pairs  true  ribs.     All  the  ribs  were  slender. 
The  first  thoracic  rib  on  either  side  has  the  character  of  a  normal 
second  thoracic  rib  (vide  measurements). 
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The  right  first  thoracic  coetal  cartilage  was  lai^er  at  itB  attach- 
ment to  the  sternum  thau  tlie  left. 

The  7th  thoracic  costal  cartilages  unite  with  each  other  in  front  of 
the  junction  of  the  ensiform  cartilage  with  the  body  of  the  sternum. 


Flu,  3.— DiRgrftm  of  ths  Gerviol  Rtbg  in  Cue  2. 


Dimeruioru  of  Ike  Bili». 

7th  Ceroieal.—R.  Chord  head-tip,  2J  inches. 

Convex  border  tubercle-tip,  2J  inches. 
Ligament,  li  inch. 
Cartilage,  If  inch. 
Sreadth  at  tubercle,  ^'^  inch. 
„  groove,  ^  inch. 

L.  Rib  from  foramen  to  tip,  1  inch. 
Ligament,  3^  inches. 
Cartilage  along  upper  border,  \  inch. 
„        along  lower  border,  1}  inch. 
Breadth,  ^  inch. 
\tt  Thoracic. — R.  Along  convex  border  tubercle  tip,  6J  inches. 
Cartilage,  f  inch  along  upper  border. 
„         Ij  inch  along  lower  border. 
Breadth  at  sternum,  IJ  inch. 
„         rib,  1  inch. 
L.  Along  couvex  border  tubercle-tip,  7^  inches. 
Cartilage  lower  border,  1}  inch. 
Breadth,  J  inch. 
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I2th  Th/yradC'-K  H  inch. 

L.  l|  inch. 

Sternum, — 

The  manubrium  and  body  are  so  ossified  that  the  angle  is  scarcely 
visible. 

Opposite  the  5th  dorsal  costal  cartilage  is  a  sternal  foramen,  ^  inch 
in  diameter. 

The  eusiform  cartilage  is  partly  ossified  above,  and  also  has  a 
foramen  in  it,  oval  in  shape,  with  its  greater  diameter  vertical. 

The  vertical  diameter,  l^^  inch. 
The  horizontal  diameter,  ^  inch. 
The  7th  dorsal  costal  cartilages  touch  each  other  in  front  of  the 
ensiform  cartilage. 

Length  of  manubrium,  2f  inches. 

„        gladiolus,  .        .         3       „ 


5i 


»• 


Upper  opening  of  the  Thorax  was  of  a  rounded  shape  {vide  fig.  3), 
and  its  dimensions  were  as  follows  : — Antero-posterior  (c  —  c)  3| 
inches.  Transversely,  between  the  tip  of  the  right  7th  cervical  rib 
and  the  middle  of  the  ligament  on  the  left  side  (a  -  a)  4  inches,  but, 
as  the  diagram  shows,  these  joints  appeared  much  more  as  parts  of 
the  roof  of  the  upper  portion  of  the  thorax,  and  a  measurement 
between  1st  thoracic  rib  (b  -  b)  was  taken,  and  was  5|  inches. 

Arterial  System. — 

As  in  the  first  specimen,  the  aorta  rises  to  the  level  of  the  upper 
border  of  the  manubrium  stemi,  and  the  left  subclavian  artery  has 
practically  no  uitrathoracic  course.     It  runs  over  the  upper  ligament. 

The  branches  of  the  arch  of  the  aorta  are  normal.  The  deep 
cervical  artery  on  the  right  side  has  been  damaged. 

On  the  left  side  it  passes  backwards  between  the  transverse  pro- 
cesses of  the  6th  and  7  th  vertebree. 

There  are  many  small  ascending  cervical  branches. 

The  brachial  plexus  was  normally  constituted ;  and,  as  in  the  first 
case,  the  lower  trunk  formed  by  8th  cervical  and  1st  dorsal  crossed 
over  the  7  th  cervical  rib  and  deeply  grooved  it. 
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(4)  A  Note  on  the  Development  of  the  External  Malleolus,     By 

J.  H,  F.  WiLGRESS. 

The  object  of  this  paper  is  to  bring  before  your  notice  a  condition 
which  seems  to  be  common,  but  which  is  the  exact  opposite  of  the 
condition  described  in  the  text-books  of  anatomy  in  ordinary  use. 

I  refer  to  the  relative  length  of  the  tibia  and  fibula  in  foetuses 
earlier  than  the  7th  month. 

In  Quain's  Anatomy  we  find, — 

'*  The  fibula  in  the  embryo  at  an  early  period  is  nearly  as  hirge  as 
the  tibia,  and  articulates  with  the  femur.  The  tibial  malleoluB,  on 
the  other  hand,  up  to  the  7th  month  of  footal  life,  is  longer  than  the 
fibular;  and  the  marked  preponderance  of  the  fibular  malleolus, 
which  is  peculiar  to  man,  is  only  acquired  after  birth  "  (vol.  ii.  pt.  L 
p.  138,  1893). 

Bland  Sutton,  in  his  article  on  "  Osteology,"  in  Morris'  Anatomy, 
writes  thus : — 

**  The  human  fibula  differs  from  all  others  in  the  excessive  length 
of  its  malleolus;  in  no  other  vertebrate  does  this  process  descend 
below  the  level  of  the  tibial  malleolus.  In  the  majority  of  mammals 
the  tibial  descends  to  a  lower  level  than  the  fibular  malleolus.  In 
the  human  embryo  of  the  4th  month,  the  outer  is  very  much  smaller 
than  the  inner  (tibial)  malleolus.  At  the  7th  month  they  are  of 
equal  length.  At  birth,  the  fibular  malleolus  is  longer,  and  bj  the 
2nd  year  it  assumes  its  adult  proportions.'' — Treatine  on  AncUofny, 
ed.  by  Morris,  p.  159,  1898. 

In  the  English  translation  of  Wiedersheim's  Structure  of  Man^  we 
find, — 

"Until  approximately  the  7th  month  of  foDtal  life  the  tibial 
malleolus  is  larger  than  the  fibular,  projecting  farther  than  the 
latter.     In  the  7th  mouth  the  two  appear  to  be  about  equal,  and 
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then  the  fibular  begins  to  take  the  lead.  These  phases  are  accom- 
panied by  corresponding  modifications  in  the  astragalus." 

The  three  anatomists  mentioned  above  cite  Gegenbaiir  as  their 
authority* 

The  present  inquiry  was  UDdertaken  on  account  of  some  obser- 
vations made  on  dried  preparations  of  15  human  fcctal  skeletons :  4 
limbs  were  not  entire ;  in  the  remaining  26  it  was  noted  that  the 
lower  end  of  the  shaft  of  the  fibula  extended  below  the  lower  end  of 
the  shaft  of  the  tibia. 

The  question  which  presented  itself  was,  "Whether  the  lower 
epiphysis  of  the  tibia  was  really  of  such  a  size  that,  in  spite  of  the 
preponderance  of  the  shaft  of  the  fibula,  the  internal  malleolus 
extended  below  the  external  ? " 

Two  methods  were  adopted  in  trying  to  settle  the  point : — 

1 .  The  foot  was  carefully  disarticulated  from  the  bones  of  the  leg. 

2.  Sections  were  cut  through  the  lower  end  of  the  tibia  and  fibula, 
the  section  also  being  carried  through  the  foot. 

The  chief  difiiculty  which  presented  itself  was  the  determining 
whether  the  section  had  been  carried  through  the  most  distal  point 
of  each  malleolus.  The  difiiculty  arose  from  the  fact  that  the  lowest 
points  of  the  two  malleoli  arc  not  in  the  same  plane. 

When  the  section  had  been  cut,  or  the  foot  removed,  the  distance 
that  one  malleolus  extended  below  the  other  was  measured.  The 
following  results  were  obtained  : — 


I. 

1 

Age  of  FcetuB. 

Malleolas  which  extended 
Lower. 

Distance  which 

Malleolus 
extended  Lower. 

1'6   mm. 

1*6    mm. 

5th  Month. 

f  R.  external. 

IL.        „ 

II. 

6th      „ 

- 

R.  external. 
L.        ,, 

1  '5    mm. 
1'     mm. 

in. 

4th      ,» 

■ 

I  R.  external. 
[  L.  wanting. 
'R.  extemiu. 

0*6    mm. 

IV. 

1 

4th      „ 

■ 

076  mm. 
0*6    mm. 

V. 

8rd      „ 

■ 

[  R.  external. 

1  L.  equal. 

0'26  mm. 

VL 

3rd    .  „ 

- 

1  R.  equal. 

1    T 

I  ^'            ft 

yii. 

1 

Srd      „ 

■ 

f  R.  equal. 

In  No.  III.,  the  total  length  of  the  foetus  was  123  mm.,  the  pre- 
ponderance of  the  external  malleolus  was  0*5  mm.;  the  ratio  which 
the  preponderance  bears  to  the  total  length  is  therefore  1*246. 

In  the  hiunan  adult  the  ratio  is  about  1*134,  the  external  malleolus 
extending  below  the  internal  about  0*5  inch,  the  total  length  being 
about  67  inches.     This  seems  to  show  that  the  external  malleolus 
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extends  relatively  to  a  lower  level  as  age  advances.  Unfortuuatelj, 
this  point  could  not  be  verified  in  the  other  foetuees,  as  their  heads 
had  been  removed  for  other  purposes. 

Some  articulated  skcletoiis  of  orang-utangs  and  cbimpaniees  «ere 
also  examined.  The  results  are,  of  course^  liable  to  errors  due  to 
misarticulatiou.  The  Bkeletons,  BUch  as  they  were,  showed  the  fd. 
lowing  points : — 

Oremg-v  tang.  — 

In  5  out  of  6  specimens,  the  lower  end  of  the  shaft  of  the  fibula 
extended  below  the  lower  end  of  the  shaft  of  the  tibia. 

In  7  out  of  7  specimens,  the  lower  end  of  the  epiphysis  of  the  fibula 
extended  below  the  lower  end  of  the  epiphysis  of  the  tibia. 

C7itmpansee. — 

The  shaft  of  the  tibia  in  4  specimens  examined  extended  below 
the  abaft  of  the  fibula. 

In  3  specimens  of  8  examined,  the  lower  end  of  the  epiphysis  of 
the  fibula  extended  below  the  lower  end  of  the  epiphysis  of  the  tilna. 
In  one  of  these  cases  the  shaft  of  the  tibia  extended  below  the  shaft 
of  the  fibula. 

Too  much  reliance  must  not  be  placed  on  dry  specimens :  the  fresh 
foetuses,  however,  seem  clearly  to  show  that  the  external  malleoliie 
extends  below  the  internal  at  a  period  of  foetal  life  much  earlier  than 
is  commonly  supposed. 

In  conclusion,  I  wish  to  state  that  I  am  indebted  to  Dr  Arthur 
Keith  for  supplying  me  with  material  and  for  valuable  advice. 

(5)  Note  on  an  OtUtprowth  of  a  Lymphoid  Nature  from  the  JunHiM 
of  the  Large  and  Small  Intestine  of  a  Frog  (Rana  temporaria). 
By  F.  Wood-Jones,  London  Hospital  Medical  College,  KC. 

The  lymphoid  outgrowth  described  in  the  following  note  was 
noticed  on  opening  a  frog  whose  intestine  was  much  distended  by  a 


fatty  meal  administered  for  physiolc^ical  purposes,  and  in  sub- 
sequent diasectiona  was  found  to  be  present  in  a  fiiirly  well  markid 
degree  in  about  25  per  cent,  of  the  frogs  examined. 


ANATOMICAL  80CIKTY   OF  GREAT  BKItAlK   AKU   IBELAND.      xlv 

The  large  inlieBtme  was  distended  to  a  considerable  extent,  the 
Bvelling  being  especially  pronounced  at  its  junction  with  the  small 
iotestitie,  and  on  the  forwardly  directed  diverticulum  of  the  gut 
nonnally  pre^nL  There  was  observed,  near  the  furrow  that  marka 
the  union  of  the  two  divisions  of  the  gut,  a  small  movable  and  highly 
vascular  appendage. 

It  app<«xed  to  the  naked  eye  as  a  somewhat  club-shaped  out- 
growth, slightly  swollen,  rounded  at  its  distal  end,  and  narrowing  to 
a  slight  extent  at  its  union  with  the  gut. 


Fto.  C— liOugitudinal  Motion  of  janction  of  Urge  snd  am*!!  intmtine*,  ■hawing 
oolkctioD  of  Ijtnphofd  tluneB  into  ireli-iD&rk<d  (blhclfa— I,  iUuro;  r., 
oolon  ;  L.P,  lymiitioid  patohea. 


The  portion  of  the  gut  bearing  the  outgrowth  was  removed,  hard- 
ened in  alcohol,  sections  cut  in  paraffin,  and  subsequently  stained  by 
It^wood  and  eosin. 

Examination  of  the  sections  showed  that  the  hypoblastio  lining  of 
the  gut  was  not  traceable  in  the  interior  of  the  outgrowth,  but  that 
the  latter  was  wholly  composed  of  a  mass  of  lymphoid  tissue,  with  a 
supporting  structure  of  connective  tissue,  and  that  ''  was  supplied 
hy  a  network  of  blood-vessels. 

Traced  inwards,  the  lymphoid  tissue  of  the  outgrowth  is  seen 
to  be  continuous  with  the  lymphoid  tissue  of  the  gut;  the  blind 
iCnd  swollen  end  of  the    large   intestine   being  especially    rich  in 
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lymphoid  tiwnie,  which  here  becomes  aggregated  into  well-tnarked 
patches,  somewhat  after  the  mauner  of  Pejer's  patches;  and  it  is 
with  this  thickeued  pad  of  lymphoid  tissue  which  lines  the  bUsd 
end  of  the  large  intestine,  and  wraps  round  its  junction  with  the 


-I,  ileam  ;  c,  colon  ;  L.7,  lymphoid 


small  intestine,  that  the  outgrowth  is  continuous, — the  outgrowth 
Appearing,  in  fact,  to  be  a  lymphoid  patch  that  has  pushed  ite  way 
outwards  from  the  lumen  of  the  gut,  and  has  come  to  tnke  up  an 
outstanding  position  on  the  wall.  It  was  interesting  in  reference  to 
the  large  amount  of  lymphoid  tissue  in  the  appendix  Termifomtis 
of  man. 

(6)  Mr  Keith  showed  a  specimen  of  Uie  Uterus  of  a  Macacw  rhetw, 
nearly  at  the  full  term  of  pr^nancy,  and  diagrams  illustrating  the 
condition  of  the  cervix  in  the  normal  and  pregnant  condition,  and  the 
various  forma  in  which  the  doublo-disc  placenta  of  cynomorphons 
apes  occurred.  The  stopper-like  elevation  found  in  the  anterior  wall 
of  the  cervix  uteri  of  macaques  and  cercopitheques,  which  gave  the 
cervical  canal  a  zigzag  appearance,  had  puzzled  him  as  to  its  function, 
but  on  cutting  open  the  utenis  of  a  pregnant  Alaeacug  rJietug,  shown 
in  fig.  7,  it  was  seen  that  the  cervical  elevation  liad  assumed  quite 
the  appearance  of  a  villus,  and  projected  within  the  plug  of  miicn^ 
in  the  cervix.  Mucous  strands  could  be  seen  to  radiate  from  the  sur- 
face of  the  villus,  and  there  could  be  no  doubt  it  was  the  active  agent 
in  secreting  the  raucua  which  sealed  up  the  neck  of  the  uterui  in 
pregnancy.  As  far  as  he  knew,  this  arrangement  was  found  in  only 
the  two  genera  of  Old  World  monkeys  mentioned  above. 

The  appearance  of  the  placenta  in   Old  World   cynomorphons 
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monkeys  indicated  a  zonular  placenta  iii  their  ancestral  stock. 
Between  the  anterior  and  posterior  discs,  the  posterior  always  being 
the  chief,  the  umbilical  cord  arising  from  it,  there  ran  leishes  of 
vessels  on  both  sides,  and  some  remnants  of  tissue,  which  he  regarded 
as-  traces  of  the  zonular  placenta,  of  which  two  parts  oidy  now 
remained — the  anterior  and  posterior  discs.  The  anterior  disc  lay  in 
the  hollow  of  the  neck  of  the  contained  foetus,  the  posterior  on  its 
deflected  face  and  breast. 

In  Macacus  and  CercopithecHs,  the  anterior  placenta  is  only  a 
little  smaller  than  the  posterior ;  in  Semnopithecua,  the  anterior  is 
leas  than  one-third  the  size  of  the  posterior ;  and  this  condition  occurs 


Fio.  7. — Section  of  Uterus  of  pregnant  Haeaeui  rhetui. 

also  in  Macacus  as  a  variety.  But  in  both  Macacus  and  Semuo- 
pithecus,  and  more  commonly  still  in  Cynocephalus,  cases  were 
known  in  which  the  anterior  placenta  was  quite  absent,  and  only 
the  singlfrjiisc  form  of  Man,  the  Anthropoids,  and  the  Cebidse  of 
the  New  World  remained.  There  was  no  doubt  that  the  early 
primate  chorion  was  covered  all  over  by  villi ;  but  it  was  still 
doubtful  if  human  Man  showed  at  one  stage  an  equatorial  zone  of 
villi,  representing  a  zonular  placenta. 

Breach  presentation  in  JIan  appeared  to  be  an  atavism*     It  was 
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the  normal  mode  of  deliver^'  in  cjnomorphous  apes.  But  in  the 
great  Anthropoids,  as  in  Man,  a  turning  movement  occurred  about 
the  fourth  or  fifth  month  of  pregnancy,  in  which  the  head  left  the 
fundus  and  was  directed  to  the  os  uteri. 

Dr  Arthur  Bobinson  regarded  the  zonular  arrangement  of  t^e 
chorionic  villi  in  early  human  ova  as  artificial,  that  form  never 
having  been  observed  when  the  ovum  was  examined  in  situ. 


PROCEEDINGS  OF  THE 


ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JUNE  1900. 


Thb  Summer  Meeting  of  the  Anatomical  Society  of  Great  Britain  and 
Ireland  was  held  in  the  Physiological  Theatre,  The  Owens  College, 
Manchester,  on  Thursday  and  Friday,  June  21st  and  22nd,  com- 
mencing each  day  at  10.30  a.m.  The  President,  Professor  Young,  was 
in  the  chair.  Thirty  members  and  over  fifty  visitors  attended  the 
meetings.  Letters  regretting  inability  to  attend  were  read  from  Pro- 
fessors His,  Waldbtbr,  Lbboucq,  Sir  William  Turner,  CuNNiNOHAMr 
Thomson,  and  many  others. 

The  minutes  of  last  meeting  were  read  and  confirmed. 

.  The  following  election  was  made : — J,  W,  Thomson  Walker,  M.B.,. 
CM.  Edin.,  F.R.C.S.  Eng.,  proposed  by  A.  H.  Young,  Arthur  Robin- 
son, and  F.  G.  Parsons. 

The  following  communications  were  made : — 

(1)  Dr  T.  H.  Brtcb  read  a  further  note  of  the  Deep  Accessory  Pero- 
neial  Nerve  of  Ruge  in  Man. 

In  a  paper  published  in  the  Proceedings  of  the  Society  in  October 
1896,  under  the  title  of  "  A  Long  Muscular  Branch  of  the  Musculo- 
cutaneous Nerve  of  the  Leg,"  I  described  a  nerve  which  I  identified 
with  a  nerve  described  by  Ruge  in  the  lower  mammals,  and  called  by 
hm  the  *'  deep  accessory  peroneal  nerve." 

n  Since  that  date  I  have  examined  45  subjects — 90  extremities — and 
have  met  with  the  nerve  in  its  complete  form  only  once.  In  this' 
instance  the  relations  of  the  nerve  are  exactly  as  previously  described. 

e 
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It  is  a  branch  of  the  musculo-cutaneous,  which,  mnning  in  the  sab- 
stance  of  peroneus  brevis,  close  to  the  fibula,  appears  in  the  lower 
third  of  the  leg,  on  the  posterior  surface  of  that  muscle,  to  which  it 
gives  branches.  There  is  no  peroneus  quartus  in  this  case  as  in  the 
others  preyiously  described.  Reaching  the  ankle,  the  nerve  becomes 
very  slender,  and  winds  round  the  external  malleolus  beneath  the 
tendons  of  the  peronei  muscles,  to  reach  the  outer  border  of  the  exten- 
sor brevis  digitorum ;  there  it  divides  into  two  delicate  twigs.  The 
one  running  parallel  to  the  tendons  of  the  peroneus  brevis  is  lost  in 
the  fascia  at  the  base  of  the  4th  interosseous  space ;  the  other  enters 
the  outermost  slip  of  the  extensor  brevis  digitorum,  in  the  substance 
of  which  it  runs  as  far  as  the  base  of  the  metatarsal  bone. 

A  microscopic  examination  of  this  filament  dissected  out  of  the 
muscle  proved  it  to  be  a  single  funiculus,  enclosing  from  20  to  25 
medullated  nerve  fibres. 

I  have  now  examined  in  all  110  extremities  from  55  subjects,  and 
have  found  the  nerve  as  described  above  ending  in  the  extensor  brevis 
•digitorum  3  times  in  2  subjects,  one  case  being  bilateral,  the  other 
unilateral.  In  other  6  subjects  I  have  traced  it  on  one  side  as  far  as 
the  ankle,  where  it  ended  in  the  peroneal  sheath. 

(2)  Dr  T.  H.  Brtce  gave  a  lantern  demonstration  of  microphoto- 
graphs,  demonstrating  the  maturation  stages  in  the  ovum  of  Echinus, 
A  full  account  will  be  published  later. 

(3)  Dr  Arthur  Robinson  exhibited  numerous  stereoscopic  views  of 
anatomical  preparations. 

(4)  Dr  Donald  exhibited  specimens  oi  post-mortem  contracted  Heads. 

(5)  Dr  R.  S.  Bbrbt  gave  a  lantern  demonstration  on  the  Oompara- 
five  Anatomy  and  Histology  of  the  CceecU  Apex — tfie  Appendix  Vermi- 
Jormis.    This  communication  will  appear  in  extenso  in  the  October 

number  of  the  Journal  of  Anatomy  and  Physiology, 

(6)  Professor  A.  F.  Dixon  read  a  preliminaiy  note,  illustrated  by  lan- 
tern slides,  upon  certain  Surface  Markings  of  the  Galvarium^  and  their 
significance.  Among  the  most  interesting  of  the  markings  present  upon 
the  surface  of  the  calvarium  are  the  grooves  wluch  are  often  found  in 
the  frontal  region,  corresponding  to  the  branches  of  the  supraorbital 
nerves.  These  grooves  vary  much  in  appearance,  and  may  be  simple 
or  branched,  shallow  or  deep.  They  are  often  converted  in  part  of 
their  course  into  tunnels.  Sometimes  they  occur  on  one  aide  of  the 
cranium  only.  Most  frequently  the  grooves  occur  beneath  the  outer 
branches  of  the  nerve,  but  they  also  occur,  in  many  cases,  in  connec- 
tion with  the  inner  branches.  The  grooves  never  cross  the  coronal 
.suture.    They  sometimes  extend  upwards  from  the  supraorbital  notch, 
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or  foramen,  as  far  as  the  coronal  suture ;  but  in  other  cases  they  b^in 
inferiorly  at  a  little  foramen,  where  some  branch  of  the  nerve  enters 
the  bone.  In  the  majority  of  cases  they  do  not  reach  as  far  as  the 
•coronal  suture.  The  formation  of  the  grooves  indicates  a  want  of  pro- 
portion between  the  growth  in  length  of  the  overlying  nerves  and  the 
amount  of  expansion  of  the  underlying  part  of  the  cranium.  The 
nerves  might  be  looked  upon  as  constricting  cords,  which  become 
-depressed  in  the  developing  bone  as  the  cranium  expands.  Their 
formation  is  comparable  to  that  of  the  grooves  and  tunnels  sometimes 
found  in  the  clavicle  for  the  descending  supraclavicular  branches  of 
the  cervical  plexus.  The  constricting  portion  of  the  nerve  is  often 
limited  superiorly  at  the  coronal  suture,  where  the  deep  layers  of  the 
scalp  are  firmly  bound  down  to  the  cranial  wall,  and  inferiorly  at  a 
point  where  a  branch  of  the  nerve  enters  the  bone.  Hence  the  grooves 
<»used  by  the  nerves  do  not  cross  the  coronal  suture,  even  when  they 
reach  as  far  as  it,  and  they  of len  end  below  at  a  little  foramen  in  the 
bone.  The  openings  of  these  little  foramina  are  directed  upwards 
towards  the  coronal  suture,  just  as  the  openings  of  the  nutrient 
foramina  of  the  long  bones  are  directed  towards  the  part  of  the  bone 
where  growth  is  most  active  and  goes  on  longest  The  presence  of 
the  grooves  may  be  taken  to  indicate  an  excessive  development  of  the 
frontal  part  of  the  cranium.  In  those  races  in  whom  the  grooves  are 
-common'  and  strongly  marked,  we  would  expect  to  find  a  tendency 
towards  increased  development  and  capacity  of  the  frontal  part  of  the 
oranium.  On  the  other  hand,  in  races  in  whom  the  grooves  do  not 
occur,  or  are  rare  and  but  feebly  marked,  we  would  expect  to  find  a 
greater  uniformity  in  the  shape  and  size  of  the  cranium,  since  in  these 
•complete  harmony  exists  between  the  rate  and  amount  of  growth  of 
the  nerves  and  that  of  the  underlying  frontal  region  of  the  cranium. 
In  this  connection  it  is  Interesting  to  find  that  these  frontal  grooves 
Are  almost  never  found  in  Australian  and  Tasmanian  crania,  that  they 
are  rare  among  Melanesians,  slightly  more  common  in  Polynesians, 
while-  in  Negroes  and  Bushmen  they  are  very  common.  Among 
Negroes  they  are  present  in  over  50  per  cent,  of  the  skulls  examined, 
and  in  many  cases  they  are  extraordinarily  well  marked.  In  ordinary 
dissecting-room  crania  they  are  present  in  slightly  over  40  per  cent,  of 
all  cases,  and  are  sometimes  very  marked. 

In  the  parietal  region  of  the  cranium,  grooves  for  the  middle  tem- 
poral artery  were  found  to  be  especially  well  marked  in  many  of  the 
most  brachycephalic  Burmese  skulls.  Some  of  these  crania  appear  to 
have  been  artificially  deformed,  and  the  marked  development  of  the 
•grooves  probably  indicates  a  want  of  proportion  in  the  length  of  the 
artery,  and  the  amount  of  expansion  of  the  parietal  region  of  the 
•cranium  in  these  skuUs. 

In  several  young  skulls  (of  about  3-5  years)  distinct  grooves  for 
vessels  were  found  in  the  occipital  region.  These  are  present  on  the 
-surface  of  the  cranium,  between  the  superior  and  highest  curved  lines  of 
the  occipital  bone.  In  all  the  specimens  which  showed  these  mark- 
ings, the  interval  between  the  curved  lines  was  not  only  relatively 
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bal  Mlu^J  gre.t.r  th«.  th.t  found  in  UM  •!>»?»•»•    ^^J 
ditioii  w«,  foind  in  jonng  Mima,  N.gro,  Aurtnilan,  "''^""P""', 

the  pi.t<rior  ligion  of  th.  ciuiium  dumg  the  tol  fe«  J«r.  .TOr 
birth. 

(7)  Prote»or  E.  Fawoftt  .ho.ed  <o)  two  •P«Jn»»  j-  !;''^'' [^ 
F^»/o™.  ^pj,e».!i«  «»  p6.«.i.  Boll,  "'f  °!>'"°f?  'T.^d  Dr 
.„d  occum,d  in  ,  .eri.s  of  403  cue.  .nmin.d  bj  ^f"^^  f 
J.  V.  BUchforf  .1  the  Cllj  and  Connt,  A.ylum  o!  B™*"'-  "; 
noithn  0...  wu  there  uiy  eign  ot  ina.nmi.tion  pterent,  eilh«  recent 
or  old  .landing.  In  on.  =««  there  wee  .  .».ll  l"*'"-*  "'  2" 
point  ol  cony.ig.no.  of  th.  longilndin.l  inu.cnl.rg.nd  of  l"  '•'g' 
Gtmtine ;  in  the  other,  there  »em«i  to  he  .  .light  hollow  protrujiom  .t 
th.  .une  point.  In  one  cue  the  cie.nm  meuur.d  in  height  b  cm. 
.ud  in  width  8  cm.,  in  the  othn  t»m  it  mwauied  '/ '  ™v„_.„„ 

(S)  A  myemuniCTory  lone  oj  the  CatTm,  aUaehed  lo  the  Tnpaaum 

Thif'.nidl  bone,  which  wu  .vidently  .  det«ihrf  put  o!  the  ri.^ 
of  the  trapezium,  with  who»  long  .«i.  it.  own  long  mi  coincided, 
mmured  7  mm.  in  length  by  3  in  thickneu.  It  wu  .lt«hed  to  the 
p.lm»r  fK«  of  the  tnipezinm  by  .trong  lig.mentom  b.nd..     llio«> 


Flo.  1.— Saperaomwary  carpal  bone,  repMwntiog  detached  lower  half  of  ndge  of 
trapezlam.  Tho  arrow  pointa  to  thU  .upernuinflrary  bone.  The  ligamanti 
TnooriDjf  it  in  poiition  are  aeon,  and  F  is  tha  tendon  of  the  fieior  carp 
ladialia.     R  is  the  ridge  of  the  trapetinm. 

hgamente  allowed  it  to  lie  moved  from  eide  to  ddo  by  tho  fingels. 
There  wee  no  synovi.i  o.vity  between  the  bone  By  it.  lower 
pole  thU  bone  wu  .ttuh.d  tlirough  two  ligamentous  hftud.  to  the 
pelmar  upect  of  the  hue  of  the  5rd  metacrpal  bone ;  to  ite  inner 
side  the  .nterior  annular  ligament  of  the  carpus  wwi  att«ihed-  It 
formed  the  lower  part  of  the  groove  for  the  flexor  carpi  ladialis 
muscle. 

Another  specun.n  exhibited  to  the  Society  showed  the  ridge  of  tho 
trapezium  with  a  deep  notch  in  ito  cmterioi  border.  Tho  part  of  the 
ridge  below  this  notch  correeponded  exuitly   with  the   bone  above 
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(c)  A  specimen  showing  the  long  ezteitial  lateral  ligament  con- 
tinned,  foith  scarcely  any  attachment  to  the  head  of  tlie  fibula,  into  the 
peraneus  longue  muscle. 

(8)  Dr  Pbtbr  Thompson  showed  three  specimens  of  abnormdt 
Ureters,  obtained  from  the  Practical  Anatomy  Rooms  of  the  Owen» 
College,  Manchester. 

In  the  first  specimen  two  completely  independent  ureters  were 
present  on  the  right  side.  The  kidney  on  this  side  was  single,  and 
the  two  ureters  emerged  from  the  normally  situated  hilum,  one  near 
the  upper  and  one  near  the  lower  extremity  of  the  gland.  Below, 
they  pierced  the  wall  of  the  bladder  somewhat  to  the  right  side  of 
the  superior  surface,  and  opened  internally  by  two  orifices  situated 
close  together,  and  two  inches  from  the  commencement  of  the  urethra. 
The  left  ureter  was  single,  and  its  opening  into  the  bladder  was  in 
the  middle  line,  one  inch  from  the  urethral  orifice,  and  the  same  di&* 
tance  from  the  openiogs  of  the  right  ureters. 

In  the  second  case,  also,  the  ureter  was  double  on  the  right  side 
and  single  on  the  left ;  but  the  special  feature  in  this  specimen  was 
the  marked  difference  in  the  arrangement  of  the  two  ducts  as  they 
emerged  from  the  hilum  of  the  kidney.  In  the  first  specimen  the 
two  ureters  at  the  hilum  were  equal  in  size,  but  in  that  now 
described  the  ureter  emerging  from  the  lower  part  of  the  hilum  pre- 
sented a  well  marked  dilatation — ^the  pelvis — ^about  the  size  of  a 
walnut,  which,  however,  narrowed  to  form  the  ureter  a  little  lower 
down.  The  ureter  emerging  from  the  upper  part  of  the  hilum  of  the 
kidney  presented  no  such  enlargement.  Unfortunately  the  com- 
plete course  of  the  two  ducts  could  not  bo  shown,  but  as  far  as  was 
evident  they  remained  quite  separate. 

A  somewhat  similar  arrangement  to  that  just  described  was  found 
in  a  third  specimen.  The  ureter  from  the  right  kidney  was  double 
near  the  hilum,  but  single  below.  As  the  two  ducts  emerged  from 
the  gland,  one  presented  a  marked  dilatation,  whilst  the  other  waa 
of  uniform  calibre.  Three  inches  from  the  kidney,  however,  they 
joined  together  to  form  a  single  ureter. 

(9)  Mr  H.  H.  Broome  (introduced  by  Professor  Toung)  exhibited  a 
dissection  obtained  from  the  Practical  Anatomy  Department  of  the 
Owens  College,  showing  cUmormalities  of  the  Veins,  the  Arteries,  and 
the  Kidneys  (see  fig.  2). 

i.  Veins, — ^The  chief  variation  is  the  persistence  of  a  left  superior 
vena  cava.  This  is  formed  by  the  union  of  the  internal  jugular  and 
subclavian  veins ;  and  the  resulting  brachio^ephaHc  trunk  runs  down 
in  front  of  the  arch  of  the  aorta  and  the  left  pulmonary  artery,  passea 
behind  the  main  pulmonary  vessel  and  crosses  the  back  of  the  left 
auricle,  to  terminate  by  opening  into  the  right.  This  vessel  is  not 
connected  with  the  vena  cava  of  the  opposite  side,  the  left  in- 
nominate vein  nol^  being  represented. 
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The  following  tributaries  open  into  this  brachio-cephalic  trunk  :— 

(a)  Inferior  thyroid  vein. 

(b)  a  vein  receiving  the  blood  from  the  lot  and  2nd  interoostal 
spaces. 

(o)  A  large  vessel  which  commences  in  the  ascending  lumbar  vein 
of  the  left  side,  and  runs  upwards  on  the  left  side  of  the  bodies  of  the 
dorsal  vertebrsB,  receiving  the  intercostal  veins  of  the  lower  eight 
spaces.  This  vein  apparently  represents  the  vena  azygos  migor 
transposed  to  the  left  side,  and  it  receives  tributaries  across  the 
middle  line,  which  correspond  to  the  venae  azygos  minores,  superior 
and  inferior.  That  resembling  the  vena  azygos  minor  superior  is 
a  large  vessel  which  receives  the  third  to  the  eighth  intercostal  veins 
•of  the  right  side.  Above,  this  vein  arches  forwards  over  the  root  of 
the  right  lung  to  join  the  superior  vena  cava  of  the  right  side,  in  the 
same  way  as  the  normal  vena  azygos  major ;  but  below,  it  crosses  the 
middle  line  over  the  body  of  the  eighth  dorsal  vertebra  to  join  the 
transposed  vena  azygos  major. 

The  vena  azygos  minor  inferior  commences  in  the  ascending  lumbar 
vein  of  the  right  side,  and  after  receiving  the  intercostal  veins  of  the 
lower  three  spaces,  crosses  the  body  of  the  tenth  dorsal  vertebra  to 
join  the  vena  azygos  major. 

The  veins  from  the  upper  two  intercostal  spaces  on  the  right  side 
join  together  to  form  a  single  trunk,  which  passes  upwards,  behind 
the  subclavian  vessels,  to  open  into  the  termination  of  the  internal 
jugular  vein. 

ii.  Arteries, — ^The  abnormalities  of  the  arteries,  which  are   con- 
fined to  the  thoracic  region,  would  appear  to  have  reference  to  a 
marked  constriction  which  is  present  in  the  descending  thoracic  aorta, 
immediately  below  the  attachment  of  the  ductus  arteriosus.     It  is  to 
be  noticed  that  this  constriction  does  not  correspond  to  that  which  is 
xisually  described  as  the  aortic  isthmus,  for  it  is  situated  below  the 
opening  of  the  ductus  arteriosus,  and  therefore  in  the  position  usually 
•occupied  by  the  aortic  spindle.     Arising  from  the  descending  thoracic 
aorta,  about  a  half  inch  below  this  constriction,  and  opposite  the  head 
■of  the  6th  rib,  is  a  large  arterial  trunk  which  runs  upwards  and 
"backwards  over  the  heads  of  the  5th  and  4th  ribs,  and  behind  the 
necks  of  the  3rd  and  2nd  ribs,  to  terminate  by  joining  the  left  sub- 
-clavian  artery.     This  vessel,  which  becomes  remarkably  convoluted 
as  it  nears  the  subclavian,  supplies  the  arteries  to  the  upper  three 
intercostal  spaces,  and  in  addition  gives  off  a  large  branch  which 
passes  upwards  and  backwards,  through  a  foramen  in  what  appears 
to  be  a  fusion  of  two  ribs.     Counting  this  double-headed  rib  as  one, 
there  are  only  eleven  ribs  on  the  left  side  as  compared  with  twelve  on 
the  right ;  so  it  probably  represents  both  the  first  and  the  second  oil 
this  side. 

The  remaining  seven  intercostal  spaces  are  supplied  in  the  xwomI 
manner  from  the  descending  thoracic  aorta. 

Though  the  above  description  has  special  reference  to  the  arteries 
of  the  left  side,  it  would  apply  equally  well  to  those  of  the  rights 
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remembering,  however,  tliat  on  this  side  the  firat  and  Bficond  ribs  aw 
not  fuBod,  and  that  the  branch  running  to  the  back  of  the  neck,  which 
correeponde  to  the  arteria  profunda  cervicia,  passes  up  in  front  of 
tie  neck  of  the  first,  and  not  throi^  two  fused  ribs. 

From  a  consideration  of  the  arrangement  of  the  arteries  in  this 


FiQ.  2.— A,  left  superior  vena  c*va ;  B,  ductus  arteriosus ;  C,  constriction  in 
descending  aorta  ;  D,  brancli  passing  from  aorta  to  sabolariaD  ;  E,  vena 
azygos  major  transposed ;  F,  Tsna  azjgos  minor  superior ;  6,  vena  azjgos 
minor  inferior  ;  H,  arteria  proFanda  cerricis  passing  up  throngh  I  which 
represents  the  Ist  and  Sod  ribs  ;  E,  connecting  portion  of  kidneys :  I,  in- 
ferior mesenteric  artery  ;  N,  pelvis  of  kiduef ;  P,  branch  to  right  kidney 
from  right  common  iliac. 

region,  it  aeems  probable  that  this  lai^e  vessel,  passing  between  the 
sabclavian  and  the  descending  thoracic  aorta,  la  a  reinforcing  branch 
to  the  latter,  produced  by  an  enlargement  of  the  anastomosis  between 
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the  superior  intercostal  artery  and  the  upper  aortic  intercoetals.  It  is 
obvious  that  such  a  condition  might  eaolybe  produced  if  the  oon- 
striction  of  the  aorta  described  above  be  enough  to  prevent  a  sofficiant 
supply  of  arterial  blood  passing  into  the  descending  thoracic  aorta; 
and  the  great  narrowing  at  this  constriction,  together  with  the  bilateral 
arrangement  and  convoluted  course  of  the  compensatory  vessels,  point 
to  such  a  conclusion. 

iii.  Kidneys. — The  abnormality  in  this  region  consists  in  the 
union  of  the  two  kidneys  across  the  middle  Hue,  to  form  a  so-called 
'horse-shoe'  kidney.  Of  the  two  elements,  the  left  is  three  times 
the  size  of  the  right,  and  the  greater  part  of  both  is  situated  within 
the  false  pelvis.  The  connecting  portion,  which  is  quite  as  broad 
as  the  right  kidney,  is  placed  in  front  of  the  aorta,  and  has  the 
inferior  mesenteric  artery  passing  down  on  its  anterior  surface.  The 
pelvis  of  the  left  kidney  is  somewhat  dilated,  and  occupied  by  a 
large  stone.  That  of  the  right  is  not  so  large,  and  is  situated  in  front 
of  the  inferior  vena  cava,  immediately  to  the  right  of  the  middle 
line. 

With  regard  to  the  arterial  supply,  the  left  renal  artery  is  thiee  or 
four  times  as  large  as  the  right.  The  right  kidney,  however,  receives 
a  branch  from  the  common  iliac  artery  of  that  side,  which  runs 
iipwards  to  sink  into  its  lower  margin.  There  is  no  corresponding 
branch  present  on  the  left  side. 

A  special  branch  springs  from  the  front  of  the  abdominal  aorta,  and 
runs  down  to  enter  the  substance  of  the  connecting  portion. 

(10)  Dr  T.  B.  W.  Armour  exhibited  the  Genito-urinary  OrgtxM  of 
a  male  Jerboa  (fig.  3).  The  chief  interest  of  the  specimen  lies  in  the 
character  of  the  glans  penis,  in  which  a  condition  occurs  similar  to  that 
found  in  some  reptiles,  and  among  mammals,  in  certain  rodents  only, 
6.^.,  guinea-pig,  Agouti  rat,  and  spotted  cavy. 

The  testicle  is  f  inch  long,  and  nearly  ^  inch  wide ;  it  is  connected 
with  the  parietes  by  a  mesorchium  in  which  lie  the  spermatic  vessels 
and  the  tortuous  vas  deferens,  the  latter  having  a  very  narrow  attach- 
ment to  the  upper  pole  of  the  testicle,  and  swelling  out  into  an 
ampulla  before  joining  the  urethra.  The  bladder  is  small,  and  has 
a  relatively  long  thin  neck,  the  upper  portion  of  which  is  joined 
by  the  two  ureters.  The  membranous  urethra  is  nearly  an  inch 
long ;  at  its  upper  end  a  small  swelling,  apparently  corresponding 
to  the  prostate,  can  be  felt :  at  this  point  the  vasa  deferentia  and 
seminal  vesicles  join  the  urethra.  The  penis  is  1^  inches  in  length; 
it  consists  of  the  normal  corpora  cavernosa  and  corpus  spongiosum, 
the  former  diverging  posteriorly  as  the  two  crura,  and  the  latter 
expanding  at  its  ends  to  form  the  bulb  and  glans  penis.  The 
bulb  indicates  on  its  surface  a  division  into  two  hemispheres,  and 
attached  to  the  urethra  at  its  posterior  border  are  well  developed 
Cowper's  glands. 

The  glans  penis  projects  backwards  into  the  cavity  of  the  inversion 
of  the  skin  of  the  abdominal  wall  which  forms  the  preputial  sac,  and 
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which  shows  the  orifice  of  the  anus  upon  its  posterior  wall  The  glans 
is  relatively  large,  oval  in  outline,  and  flattened  on  its  dorsal  and 
ventral  surfaces.  On  the  ventral  aspect  is  a  capacious  meatus  bounded 
by  fissured  lips.  On  the  dorsal  surface  are  two  long  homy  spines 
lying  in  apposition  to  the  surface,  with  their  points  projecting  beyond 
the  apex  of  the  penis ;  these  are  ^  inch  in  length,  sharp  pointed,  and 
slightly  curved ;  their  globular  bases  fit  into  two  cup-shaped  depressions 
in  the  epidermal  covering  of  the  glans,  forming  a  ball-and-socket  joint, 
which  admits  of  a  considerable  range  of  movement.  Occupying  the 
dorsal  surface  between  these  are  numerous  much  shorter  spines,  with- 
out uniformity  of  arrangement  or  direction.  The  whole  glans  penis  is 
studded  over  with  minute  papillsB,  which  are  larger  on  the  dorsal  than 
the  ventral  surface.     Embedded  in  the  substance  of  the  glans  is  the 


Fig.  8.  —A,  genito-urinary  organs,  Jerboa  ;  B,  penis  of  Jerboa  (dorsal  aspect). 


rod-shaped  os  penis;  the  anterior  end  of  this  projects  slightly  into 
the  roof  of  the  fossa  navicularis,  while  the  posterior  end  lies  just 
behind  the  bases  of  the  long  styles,  with  which  it  has  no  apparent 
connection. 

(11)  Professor  A.  M.  Paterson  exhibited  two  cases  of  Congenital 
Diaphragmatic  Hernia. 

Both  examples  occurred  by  deficiency  of  the  left  half  of  the  dia- 
phragm in  full-time  female  foetuses. 

In  one  case  (a)  the  diaphragm  is  almost  completely  absent  on  the 
left  side,  the  only  remaining  portion  being  a  sterno-vertebral  band 
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round  which  the  gullet  hends,  as  it  enters  the  abdomen.  In  the  other 
case  (b)  the  left  half  of  the  diaphragm  is  represented  posteriorly  by 
the  sterno-vertebral  band  only,  but  anteriorly  it  has  costal  attach- 
ments (to  the  7th,  8th,  and  9th  cartilages),  and  has  a  sharp  edge 
which  constricts  the  upper  surface  of  the  liver. 

There  is  in  each  case  a  wide  communication  between  the  left  pleural 
sac  and  the  peritoneal  cavity. 

The  disposition  of  the  viscera  is  very  similar  in  the  two  cases.  The 
abdominal  cavity  contains  the  right  half  of  the  liver,  the  descending 
colon,  and  sigmoid  flexure.  The  csecum  and  vermiform  appendix  are 
displaced,  lying  just  below  in  one  case  (a),  and  in  the  aperture  leading 
into  the  iJiorax  in  the  other  case  (b). 

In  the  thorax  in  both  cases  the  heart  and  pericardium  are  pushed 
over  to  the  right  side,  and  the  left  lung  is  small  and  flattened  against 
the  mediastinum,  near  the  apex  of  the  space.  In  both  examples  the  left 
pleural  sac  is  completely  filled  with  abdominal  viscera,  stomach,  spleen, 
duodenum,  the  loop  of  the  colon,  and  the  coils  of  the  small  intestines. 
The  colon  ascends  between  the  stomach  and  the  coils  of  the  small 
intestine,  and  crossing  the  duodenum,  binds  it  down  to  the  posterior 
thoracic  wall.  The  stomach  is  wholly  contained  in  the  thorax ;  and  the 
oesophagus,  to  join  it,  takes  a  sudden  bend  round  the  left  crus  (sterco- 
vertebrad  band)  of  ^e  diaphragm.  The  position  of  the  spleen  is 
extraordinary ;  by  the  flexion  of  the  stomach,  the  cardiac  end  poshed 
upwards  carries  the  spleen  along  with  it.  It  occupies  in  each 
case  a  secondary  hernial  sac,  which  projects  into  the  right  pleural 
sac,  behind  the  pericardium  and  oesophagus,  and  in  front  of  the 
aorta. 

Having  recently  had  the  opportunity  of  examining  a  considerable 
number  of  foetuses  of  various  ages,  one  can  state  with  some  precision 
how  frequent  this  condition  is.  These  are  the  only  cases  of  a  com- 
plete hernia  found  in  268  foetuses  between  3  and  9  months  (155  male, 
113  female),  of  which  134  are  full-time  (81  male,  53  female).  This 
condition  thus  occurs  in  0*74  per  cent,  of  cases  at  all  ages,  and  in  1*5 
per  cent,  of  cases  at  full  time. 

(12)  Professor  A.  M.  Paterson  described  a  case  of  Left  Inferior 
Vena  Cava  (fig.  4). 

The  vena  cava  inferior  begins  on  the  left  side  of  the  bifurca- 
tion of  the  aorta,  opposite  the  fourth  lumbar  vertebra.  It  passes 
upwards  in  this  relation  to  the  aorta  as  far  as  the  upper  border  of  the 
third  lumbar  vertebra,  where  it  passes  obliquely  across  the  artery,  and 
continues  its  further  course  on  its  right  side.  It  is  formed  by  the 
union  of  the  two  common  iliac  veins,  of  which  the  right  receives  the 
middle  sacral  vein.  The  vena  cava  receives  also  right  and  left  lumbar 
veins,  the  left  spermatic  and  left  inferior  phrenic  veins,  and  two  renal 
veins  on  each  side.  The  right  spermatic  vein  joins  the  lower  right 
renal  vein.  A  vein  of  considerable  size  crosses  the  spine  behind 
the  aorta,  and  connects  together  the  right  and  left  renal  veins;  it 
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reJireeentB  ptesumably  the  remains  of  the  original  auastomoaiB  of 
the  embryonic  vena  cava,  with  the  renal  and  cardinal  veins.  The 
specimen  waa  taken  from  the  dissecting-room,  so  that  the  arrange- 
ment of  the  vena  azjgos  in  relation  to  the  vena  cava  inferior  was 
not  followed  in  detail.  It  was  found,  however,  that  there  was 
nothing  abnormal  in  the  arrangement  of  the  systemic  veins  in  the 
thorax. 

(13)  Professor  A.  M.Patbrson  gave  a  preliminary  account,  iUnstrated 

by  numerous  specimens,  of  the  Devdopmeid  and  Ogsificafion  of  the 


Flo.  4. — Left  inferior  vena  cava. 

Sternum  in  Man  and  MammaU,  A  full  account  of  this  communica- 
tion will  be  found  in  the  October  number  of  the  Journal  of  Anatomy 
and  Phygiology. 

(14)  Professor  BnuuNGHAH  exhibited  (a)  Dieseetion  of  the  P^vis, 
The  body  was  hardened  by  intravascular  injections  of  formalin. 
After  opening  the  abdomen  and  removing  the  small  intestines,  the 
pelvis  was  separated  from  the  rest  of  the  body  by  an  obhqus  cut  at 
an  angle  of  about  30°  with  the  horizontal  plane.  The  section  passed 
just  above  the  crest  of  the  pubes  in  front,  and  through  the  2nd  sacral 
vertebra  behind.  The  difficulty  of  dissecting  the  pelvis  through  the 
pelvic  inlet  in  the  ordinary  way  is  due  to  the  depth  of  the  cavity  and 
the  projection  of  the  sacral  promontory.  Both  of  these  diOiculties 
are  removed  by  separating  the  pelvis  in  the  manner  described,  and  an 
excellent  view  of  the  cavity  is  obtained. 
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Hiaying  removed  the  peritoneam  and  displayed  the  nnderlying 
viscera,  namely,  the  bladder,  ureters,  seminal  vesicles,  vasa  deferentia, 
etc.,  the  ureters  were  cat,  and  by  the  aid  of  a  long  carved  aciasors, 
the  bladder,  which  was  empty  and  contracted,  was  separated  from  the 
prostate  and  removed.  In  a  similar  manner,  the  vas  deferens  having 
been  cut  on  each  side,  the  prostate,  with  the  seminal  vesicles  and  the 
ends  of  the  vasa  deferentia  attached,  was  carefully  separated  from 
the  rectum,  the  pelvic  floor,  and  the  membranous  urethra,  and 
removed.  The  reetiun,  which  was  distended  with  fsBces,  was  cut 
just  above  the  beginning  of  the  anal  canal  and  taken  out ;  and  the 
visceral  layer  of  pelvic  fascia  having  been  removed  from  the  white 
line  inwards,  the  levator  ani  and  coccygeus  were  exposed.  The 
contents  of  the  rectum  were  carefully  removed,  with  the  intention  of 
filling  that  organ  with  gelatine,  but  so  thoroughly  were  its  walls 
hardened  that  it  retained  its  form  perfectly,  and  in  its  interior  an 
excellent  view  of  Houston's  valves  was  obtained.  The  various  organs 
were  then  replaced  in  their  proper  positions  within  the  cavity,  and 
the  whole  pelvis  built  up  again  out  of  its  constituent  parts.  The 
specimen  affords  a  very  satisfactory  means  of  demonstrating  the 
anatomy  of  the  pelvic  cavity,  as  each  organ  can  be  remoyed  or 
restored  to  its  place  at  will,  without  losing  its  shape  in  the  slightest 
degree. 

(b)  A  case  sh/ywing  tJie  Pelvic  Peritoneum. — The  pelvis  was  sepa- 
rated from  the  body,  as  in  the  preceding  specimen,  the  pelvic  colon 
{sigmoid  flexure)  was  removed,  and  a  piece-mould  of  the  cavity  made, 
from  which  a  cast  was  afterwards  obtained.  The  bladder  and  rectum 
were  empty  and  contracted,'  and  all  the  folds  of  peritoneum  well 
marked.  The  cast  shows  the  bladder,  the  whole  pelvic  course  of  the 
vas  deferens  running  beneath  the  peritoneum,  the  ureter,  obliterated 
hypogastric  artery,  and  the  rectum.  It  also  shows  very  clearly  the 
plica  vesicalis  transversa,  the  paravesical,  obturator,  and  hypogastric 
fosssB  described  by  Waldeyer,  and  at  each  side  of  the  rectum  tlie 
'*  pararectal  fossa  "  described  by  the  exhibitor. 

(c)  Na8o-pharynx,—^A  coronal  section  was  made  through  the  head, 
which  passed  through  the  nasal  septum  within  a  few  mm.  of,  and 
parallel  to,  its  posterior  border.  The  posterior  nares  were  particularly 
wide ;  and  the  whole  naso-pharynx,  with  the  openings  of  the  Eusta- 
chian tubes,  could  be  clearly  seen  through  them. 

(d)  Apical  Oldnd  of  Nuhn, — ^The  anterior  part  of  the  tongue  was 
turned  up,  retained  in  this  position  by  a  pin,  and  then  hardened 
by  immersion  in  strong  formalin  solution.  The  gland,  which  is 
over  half  an  inch  in  length  (almost  J  inch),  was  exposed  on  one 
side  by  the  removal  of  a  layer  of  muscle  about  1  nun.  in  thickness^ 
derived  from  the  united  styloglossus  and  inferior  lingaalis.  On  the 
opposite  side,  the  four  or  five  ducts  of  the  glands,  which  open 
directly  on  the  slight  prominence  produced  by  the  gland,  were 
demonstrated. 

(e)  Pylorus,  Plica  trtafigzdajns. — Several  specimens  of  the  pyloros, 
from  formalin-hardened  bodies,  all  of  which  were  closed,  and  a  pharynx 
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with  the  plica  triangularis  (His),  well  developed,  and  separated  from 
the  tonsil,  were  also  exhibited. 

(15)  Professor  Birminqham  also  read  a  paper  on  soTne  points 
in  the  Anatomy  of  the  Digestive  System,  which  will  be  published 
in  the  October  number  of  the  Joumal  of  AncUoniy  and  Physio- 
logy. The  paper  dealt  especially  with  the  form  and  position  of 
the  stomach  and  rectum.  The  long  axis  of  the  stomach,  traced 
from  the  summit  of  the  fundus  (not  from  the  cardia),  was  described 
as  being  directed  almost  horizontally  forwards  and  to  the  right  in 
the  male  when  the  stomach  is  empty;  in  the  female,  on  the  con- 
trary, as  a  result  of  tight-lacing,  the  long  axis  is  often  nearly  verti< 
cal.  Three  stages  were  recognised  in  the  process  of  distension,  at  the 
•completion  of  which  the  stomach  assumes  an  oblique  position,  its  long 
axis  forming  an  angle  of  about  45  degrees  with  both  the  horizontal 
and  sagittal  planes.  The  view  was  advanced  that  the  stomach,  and 
probably  all  other  hollow  viscera  with  musculsor  wall,  were,  when 
empty,  contracted,  not  collapsed,  their  cavities  following  and  corre- 
sponding to  the  amount  of  their  contents.  The  large,  flat-walled,  and 
collapsed  empty  stomach,  commonly  described,  probably  does  not 
exist.  The  pylorus,  too^  has  never  been  found  patent  or  relaxed  in  a 
body  hardened  by  the  formalin  method,  so  far  as  the  author  was 
fiware,  and  the  opening  of  the  pylorus  he  considers  to  be  an  active^ 
not  a  passive  process.  Further,  the  pylorus  is  a  canal  of  nearly  an 
inch  in  length,  rather  than  an  abrupt  constriction. 

The  rectum  in  all  animals,  when  viewed  from  the  ventral  aspect,  is 
practically  straight.  In  man  it  presents  a  series  of  lateral  foldings  or 
flexures,  usually  three  in  number ;  and  the  valves  of  Houston  are  the 
•expressions  of  these  lateral  inflections  as  seen  from  the  interior  of  the 
bowel.  These  lateral  foldings,  according  to  the  author,  are  an  adapta- 
tion to  the  erect  attitude,  the  object  of  which  is  to  relieve  the  anal 
sphincters  from  the  pressure  of  the  rectal  contents.  The  lateral  fold- 
ings break  up  the  rectal  contents  into  three  segments,  each  more  or 
less  completely  supported  by  a  valve  of  Houston.  The  view  was  ex- 
pressed that  while  the  levator  ani  and  external  sphincter  are  the  true 
sphincters  of  the  bowel,  the  internal  sphincter  is  continuous  with  the 
circular  muscular  fibres  of  the  intestine  in  action  as  well  as  in  struc- 
ture, its  chief  use  being  to  empty  the  anal  canal. 

(16)  Dr  Peter  Thompson  gave  a  lantern  demonstration  of  the 
Pelvic  Fascice  and  their  relationship  to  the  Levator  Ani,  A  full 
account  of  this  demonstration  will  be  found  in  the  Journal  of 
Anatomy  and  Physiology,  January  1901. 

(17)  Dr  Charles  J.  Patten  gave  a  lantern  demonstration  on  the 
form  of  the  Heart  in  Man  and-  other  Mammalia.  This  communica- 
tion will  be  published  in  the  Journal  of  Anatomy  and  Physiology  for 
October  1900. 
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(18)  The  Prbsidekt  exhibited  a  series  of  preparatioiis  of  theposte- 
rior  end  of  the  adult  Aorta. 

(19)  For  want  of  time,  an  important  communication  by  the  Presi- 
dent and  Dr  Arthur  Robinson  on  the  development  and  morphology 
of  the  posterior  end  of  the  Aorta  and  Iliac  Arteries  was  taken  as  read. 
It  will  be  published  at  length  in  the  next  volume  of  Studies  from  the 
Anatomical  Department  of  t?ie  Owens  College^  ^Manchester. 


r   . 


(f 


INDEX  OP  PROCEEDINGS  OP  ANATOMICAL 

SOCIETY  POP  1899-1900. 


INDEX  OF  SUBJECTS. 


Abnormauties    of    structure    in     ike 

same  body,  p.  liv. 
Apical  glands  of  Nuhu,  p.  Ix. 
Appendix  vermiformis,  absence  of,  p.  lit 

the  length  of,  p.  xx. 

the  lymphatics  of,  p.  ix. 

Articulations    oetween    occipital    bone, 

axis,  and  atlas,  p.  xiv. 

Bicsps  flexor  cruris,  morphology  of 
femoral  head,  p.  v. 

Calvarium,  certain  surface  markings  of, 
p.  1. 

Genitals,  abnormal,  of  dog-fish,  p.  iii. 
Genito-urinary  oi^gans  of  Jerboa,  p.  Ivi. 

Heart,  bilocular,  p.  xvii. 

incomplete  septa  of,  p.  xiv. 

position  of  orifices  of,  p.  xxxi. 

Hernia,  two  cases  of  congenital  diaphrag- 
matic, p,  Ivii.^ 
a  case  of  diaphragmatic,  p.  xxix. 

Knee,  external  semilunar  cartilages  of, 
in  primates,  p.  xxxii. 

Ligament,  external  lateral,  of  knee,  con- 
tinuous with  peroneus  longus,  p.  Iii. 

Lymphoid  diverticulum  from  intestine 
of  frog,  p.  xliv. 

Malleolus,  a  note  on  the  development 
of  the  external,  p.  xlii. 


Metatarsals,  bony  union  between,  in  frog, 
p.  iii. 

Naso-phabynx,  p.  Ix. 

Nerve,  a  note   on   the  deep   accessory 

peroneal,  p.  xlix. 
Nerves,  meaning  of  the  trigeminal  groups 

of,  p.  XXV. 

(Esophagus,  diverticula,  of,  p.  ii. 

Parietal  perforations,  p.  v. 

Patella,   varieties   and   struoture  of,  p. 

xxvii. 
Pelvis,  dissection  of,  p.  lix. 
Peritoneum  of  the  pelvis,  p.  lix; 
Placenta,    the    form    of,    in'  primates, 

p.  xlvi. 
Plica  triangularis,  p.  Ix.     . 
Portal  circulation,  abnormal  connection 

with  systemic,  in  a  rabbit,  p.  iv. 

Rectus  abdominis,   abnonaal,  in  frog, 

p.  iv. 
Rios,  cases  of  cervical,  p.  xxxiiL 

Stomach,  position  of,  p.  Ixi. 

—  position   of   the  pyloric   orifice, 

p.    XXX. 

Ureters,  abnormalities  of,  p.  liii; 
Ureter,  relationships  of,  p.  xxvi. 

Vena  cava,  a  case  of  left  inferior,  p.  Iviii. 
left  superior,  p.  ii. 


INDEX  OF  AUTHORS. 


Armour,  T.  R,  male  genito-urinary 
organs  of  the  Jerboa,  p,  Ivi. 

Bbrrt.  R.  T.,  the  comparative  anatomy 
and  nistology  of  the  appendix  vermi- 
formis,  p.  L 


Birmingham,  A.,  dissection  of  the  pelvis, 
p.  lix. 

the  pelvic  peritoneum,  p.  lix. 

the  naso-pharynx,  i).  Ix, 

the  apical  glands  or  Nuhn.  p.  Ix. 

the  position  of  the  stomach,  p.  Ixi. 


Ixiv         INDEX  OF  PROOBEDINGS  OF  ANATOMICAL  SOCIETY. 


Boyd,  Stanley,  left  superior  vena  cava, 

p.  ii. 
Broome,   H.    H.,   abnormalities   of  tne 

kidneys,   veins,  arteries,  etc.,  in   the 

same  subject,  p.  liii. 
Bryce,  T.  H.,  a  note  on  the  deep  accessory 

peroneal  nerve,  p.  zlix. 
a  demonstration  of  the  maturation 

stages  in  the  ovum  of  Echintis,  p.  1. 

COBNBR,  E.    M.,  the  relations   of  the 

ureter,  p.  xxvi. 
varieties   and   structure    of    the 

patella  in  man,  p.  xzvii. 

Dixon,  A.  F.,  certain  surfiace  markings 
of  the  calvarium,  p.  1. 

Pawobtt,  E.,  absence  of  the  appendix 

vermiformis,  p.  liL 
a    supernumerary  bone  of    the 

corpus,  p.  lii 
continuity  of  the  peroneus  longus 

and  external  lateral  ligament  of  knee 

joint,  p.  lli. 
the    length    of    the    appendix 

vermiformis,  p.  xx. 

Gaskbll,  Dr,  the  meaning  of  the 
trigeminal  group  of  nerves,  p.  xxv. 

Jones,  F.  W.,  a  lymphoid  diverticulum 
from  intestine  of  frog,  p.  xliv. 

Krith.  Arthur,  the  placenta  of  primates, 
p.  xlvi. 

LocKWOOD,  G.  B.,  lymphatics  of  the 
appendix  vermiformis,  p.  ix. 

MuDOB,  G.  P.,  abnormal  external  gemtals 
of  male  dog-fish,  p.  iii. 

Pabbons,  p.  G.  (and  Windle),  morphology 
of  the  femoral  head  of  the  biceps  flexor 
cruris,  p.  v. 


Parsons,  F.  G.,  the  external  semilunar 
cartilage  of  the  knee  in  pnmates, 
p.  xxxiL 

Patten,  C.  J.,  the  form  of  heart  in  man 
and  in  other  nuunmals,  p.  Ixi. 

Paterson,  A.  M.,parietal  perforations,  p.  v. 

Paterson,  A.  M.,  two  cases  of  diaphrag- 


matic  hernia,  p.  Ivii. 
a  case  of  left  i 


a  case  of  left  inferior  vena  cava, 

p.  Iviii.  .^      .        _^, 

.  development  and  ossincation  oi  tne 


sternum,  p.  lix.  .  .    , 

Philips,  L.  C.  P.,  two  cases  of  cervical 
ribs,  p.  xxxiii. 

Robinson,  Arthur,  a  case  of  diaphrag- 
matic hernia,  p.  xxix. 

position  of  the  pyloric  onfice  of 


the  stomach,  p.  xxx. 

a  demonstration   of  stereoscopic 


photographs  of  anatomical    prepara- 
tions, p.  1.  ,.  .- 
the  position  of  cardiac  onflccs, 

p.  xxxi. 
Rudolf,  E.  D.,  cor  biloculare,  p.  xvu. 

4 

Stone Y,  Miss  F,  A.,  diverticula  of 
oesophagus,  p.  iL  .         i^ 

Symington,  Professor,  articulations  be- 
tween the  occipital  bone,  axis,  and  atlas, 
p.  xiv. 

Thompson,    Peter,    abnormal     ureters, 

p.  liii. 

a   demonstration   of    the    pubic 

fasci»  and  their  relationships,  p.  IxL 

WiLGBBSS,  J.  H.  F.,  a  note  on  the 
development  of  the  external  malleolus, 

Wp.  xliL 
mdle,    B.     C.    A.      (and     Paraons), 
morphology  of  the  short  head  of  the 
flexor  biceps  cruris,  p.  v. 

YoUNO,  A.  H.  (and  Dr  Arthur  Robinson), 
the  development  and  morpholoey  of 
the  posterior  end  of  the  aorta  and  iliac 
arteries,  p.  Ixii. 


X 


B.P.L.  Bindery, 


.  rf  V     '  t 


■> 


